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•  X       TRANSLATOR'S  PREFACE. 


In  preparing  this  work  for  an  English  edition,  the  plan  of 
the  Author  has  been  adhered  to  as  closely  as  possible,  the  theo- 
retical part  being  treated  Tery  briefly,  and  formulae  given 
only  when  necessary  ;  whilst  numerous  tables  of  dimensions  of 
engine-details,  taken  from  actual  examples,  aiid  accompanied 
by  illustrations,  are  appended.  These  will  afford  means  of 
comparing  the  results  of  Continental  with  those  of  English 
practice. 

To  the.  present  Edition  there  have  been  added  examples, 
with  tables  and  illustrations,  of  standard  types  of  English 
Engines  by  several  well-known  makers,  who  have  kindly 
supplied  for  the  purpose  dimensions  and  drawings. 

As  thus  adapted  to  our  own  piactice,  it  is  hoped  that  the 
present  edition  of  the  work  will  be  found  by  many  English 
Engineers,  and  Mechanical  Draughtsmen  in  particular,  to 
answer  a  very  useful  purpose,  not  as  yet  fulfilled  by  any  other 
publication. 

To  make  the  tables  as  clear  as  possible,  the  dimensions  have 
been  given,  in  almost  every  case,  uniformly  in  inches. 

London,  May^  1893. 


NOTE   TO    REVISED    ENGLISH    EDITION. 

In  this  revised  edition,  the  whole  work  has  been  carefully 
corrected  where  necessary,  new  illustrations  and  tables  have 
been  added,  and  examples  given  of  the  most  modem  types  of 
Water-tube  Boilers  ;  about  a  dozen  pages  of  new  matter 
having  thus  been  added  to  the  volume.. 

London,  Ajpril^  1896. 


AUTHOR'S    PREFACE   TO   FIRST  EDITION. 

In  tho  present  condition  of  the  markets,  makers  must  not 
occupy  too  much  time  in  calculations  or  mathematical  research  ^ 
but  collecting  results  from  actual  practice,  must  note  them  in  a 
convenient  form,  though  not  as  formulae,  since  formulae  are 
only  useful  within  certain  limits,  there  always  being  a  risk  of 
error  in  calculation.  If  anyone  compares  the  results  of  the 
formulae  of  one  writer  with  those  of  another,  he  will  often  find 
great  discrepancies  between  them. 

The  present  work  aims  at  showing  the  results  of  practical 
experience.  Letterpress  has  been  reduced  as  much  as  possible, 
to  allow  of  the  introduction  of  numerous  tables  and  drawings, 
these  being  the  language  of  technical  people. 

To  those  firms  and  others  who  have  supplied  me  with  infor- 
mation, I  return  my  best  thanks.  May  the  book  and  its 
method  gain  many  friends  ! 


AUTHOR'S  PREFACE  TO  SECOND  EDITION. 

The  first  edition  of  this  book  had  such  a  favourable  recep- 
tion in  technical  circles,  that  within  a  year  a  second  edition  has 
been  found  necessary. 

Encouraged  by  this  success,  I  have  spared  neither  trouble 
nor  expense  to  extend  the  usefulness  of  the  work,  and  with 
that  object  have  introduced  a  large  number  of  additional 
figures. 

To  the  numerous  technical  friends  who  have  favoured  me 
with  communications  on  the  subject,  I  return  my  grateful 
thanks,  with  a  request  for  them  to  assist  me  with  further 
exchange  of  ideas. 
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air  from  entering  tht 
cylinder. 

H.  The  main  beam  for  trans- 
mitting the  motion  of  tlie 
piston  to  the  pump  rod. 

*•  The  pump  rod. 


Fig.  1.— Kewcoiueu's  Atmosi»heiic  Jclngine. 
B 


k 


THE     STEAM    ENGINE. 


INTEODUCTION. 

The  knowledge  that  steam  could  be  made  use  of  as  a  motive 
power  is  very  old,  but  it  was  not  until  about  the  year  1685  that  the 
first  model  of  a  steam-engine  was  made  by  Dionysius  Papin,  a  native 
of  Blois  in  France,  based  on  the  fact  that  if  cold  water  was  applied 
or  admitted  to  an  enclosed  vessel  containing  steam,  the  steam  was 
condensed,  and  a  vacuum  resulted.  In  1699,  Captain  Savery 
employed  this  principle  for  raising  water,  and  in  1705  Newcomen,  of 
Dartmouth,  in  Devonshire,  constructed  the  first  steam-engine  pro- 
perly so  called.  This  first  example  was  employed  for  raising  water, 
and  was  known  as  "  The  Atmospheric  Engine ; "  fig.  1  shows  the 
general  arrangement. 

a.  The  steam  cj^linder. 

6.  The  piston. 

c.  The    steam    generator 

boiler. 

d.  The    cock    for    admitting 

steam  to  the  cylinder. 

e.  The  cold  water  reservoir. 
/.  The  cold  water  or  "injec- 
tion *'  cock. 

g.  A  valve  opening  outwards 
to  allow  steam  to  oe  blown 
through,  but  preventing 
air  from  entering  the 
cylinder. 

h.  The  main  beam  for  trans- 
mitting the  motion  of  the 
piston  to  the  pump  rod. 

*.  The  pump  rod. 


or 


Fig.  1,— Newcoraen's  Atmosi»heiic  Engine. 
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2  INTEODUCTION. 

The  action  of  the  engine  is  as  follows  : — In  fig.  1  the  weight  of  the 
pump  rod,  i,  has  brought  the  piston,  5,  to  the  top  of  the  cylinder,  the 
cylinder  is  then  filled  with  steam  from  the  boiler  at  atmospheric 
pressure  through  the  cock,  d,  which  is  then  closed.  The  cock,/,  is 
now  opened,  and  cold  water  from  the  tank,  e,  enters  the  cylinder  in 
a  jet ;  the  steam  is  condensed,  and  a  vacuum  produced  below  the 
piston.  The  atmospheric  pressure  above  the  piston  forces  the  latter 
down  to  the  bottom  of  the  cylinder,  at  the  same  time  raising  the 
opposite  end  of  the  main  beam,  and  with  it  the  pump  rod,  i.  By 
opening  and  closing  the  cocks,  d  and/,  in  succession,  an  alternate  up 
and  down  movement  is  given  to  the  piston. 

James  Watt  introduced  many  improvements,  especially  the  separate 
condensing  chamber,  in  place  of  admitting  the  injection  water  into 
the  cylinder,  which  tends  to  lower  the  temperature  of  the  cylinder 
walls,  and  he  remarked  in  one  of  his  specifications  "  that  the  cylinder 
should  be  kept  as  hot  as  the  steam  that  enters  it.*'  James  Watt  also 
invented  mechanism  for  automatically  opening  and  closing  the 
valves,  introduced  the  use  of  steam  above  atmospheric  pressure,  and 
discontinued  the  use  of  atmospheric  pressure  alone,  by  making  use  of 
the  expansion  of  the  steam  for  doing  work  on  the  piston.  Watt's 
first  engine  was  built  in  1768.  A  year  or  two  earlier,  Smeatou  had 
made  many  improvements ;  but  James  Watt  was  amongst  the  first 
who  really  treated  the  steam-engine  on  a  scientific  basis. 

Fig.  3  shows  in  diagram  one  of  Boulton  and  Watt's  condensing 
beam  engines,  working  with  a  pressure  of  from  5  to  15  pounds  on  the 
square  inch. 

These  early  engines  were  invariably  worked  with  low  boiler 
pressures,  and  with  condensation.  High  boiler  pressures  were 
regarded  with  distrust,  and  James  Watt,  although  he  gave  attention 
to  the  idea,  had  strong  prejudices  against  using  high-pressure  steam. 

The  first  high-pressure  engines  using  steam  at  3  to  4  atmospheres 
were  by  Oliver  Evans  in  America,  1786  to  1801,  and  Trevithiok  and 
Vivian  in  England,  1802. 

The  fact  that  the  use  of  high  pressures  decreased  the  consumption 
of  coal  was  soon  recognised,  and  steam  of  4  to  6  atmospheres  was 
used,  with  and  without  condensation. 

With  high-pressure  steam  the  advantage  of  expansion  is  very 
great.  By  using  steam  "  expansively  "  is  to  be  generally  understood 
that  the  steam  is  admitted  at  high  pressure  for  a  short  portion  of  the 
piston-stroke  only,  and  then  allowed  to  expand  down  to  the  end  of 
the  stroke,  losing  heat  thereby  in  doing  work.  If  the  expansion  is 
carried  too  far,  the  cooling  becomes  so  great  as  to  condense  part  of 


INTRODUCTION. 


the  Steam.  In  order  to  prevent  the  waste  from  this  cause,  and  to 
prevent  the  range  of  temperature  between  the  entering  and  exhaust 
steam,  the  expansion  is  now  carried  on  in  two  or  more  cylinders  of 
different  capacities ;  and  engines  on  this  prmciple  are  called  "  com- 
pound," if  with  two  cylinders  ;  triple  expansion,  if  with  three ; 
quadruple  expansion,  if  with  four.  Sometimes  they  are  named 
"continuous"  expansion  engines,  whether  with  two  or  more  cylin- 
ders ;  also,  when  with  three  cylinders,  they  are  occasionally  termed 
"  tri-compound." 

The  earliest  attempt 
at  a  compound  engine 
seems  to  have  been 
that  of  Jonathan 
Hornblower  in  1781, 
although  he  does  not 
seem  to  have  had  any 
idea  of  what  is  under- 
stood now  by  a  "  com- 
pound" engine.  He 
used  two  cylinders  of 
unequal  size,  A  and  B 
(fig.  2) ;  the  steam  was 
admitted  first  to  the 
smaller  cylinder,  B, 
above  the  piston.  On 
the  piston  arriving  at 
the  bottom  of  the 
stroke,  the  communi- 
cation between  the 
cylinder    and    boiler 

was  cut  off,  and  a  communication  between  top  and  bottom  of  the 
cylinder  was  'opened  by  means  of  the  pipe,  Y,  and  cock,  6.  The 
piston  then  ascended  by  the  weight  of  the  pump-rod,  X,  and  the 
steam  displaced  by  the  rising  piston  now  filled  the  space  below  the 
piston.  The  cock,  6,  was  then  closed,  and  boiler  steam  admitted 
above  the  piston.  The  downstroke  then  commencing,  the  cock,  c, 
opened  the  steam  from  the  cylinder,  B,  then  flowed  into  cylinder  A, 
where  it  further  expanded.  On  completion  again  of  the  downstroke, 
communication  between  upper  and  lower  sides  of  the  piston.  A,  was 
established,  and  the  steam,  after  having  done  work  on  the  upper  side 
of  the  piston,  passed  to  the  lower  side  by  means  of  the  pipe,  Z,  and 
cock,  d,  during  the  downstroke  ;  the  steam  eventually  passed  to  the 

B  2 


Fig.  2.— Hornblower's  Engine. 
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condenser,  Q.  It  will  be  seen  that  the  engine  was  really  "com- 
pound," but  it  does  not  seem  to  have  been  more  economical  than  the 
simple  engines  of  James  Watt  of  the  same  date,  and  was  rathei  com- 
plicated. An  outline  of  this  machine  is  shown  in  fig.  2.  Horn- 
blower's  engine  was  single  acting. 

In  1804  Arthur  Woolf  made  a  two-cylinder  high-pressure  engine 
with  a  condenser,  together  with  a  water-tube  boiler,  and  took  out  an 
English  patent  for  the  same.  Woolf  s  engine  was  an  improvement 
on  Homblower's,  being  more  simple  in  construction  and  double 
acting.  It  appears  that  one  of  Woolf  s  best  engines  was  tried  for 
coal  consumption  against  one  of  Watt's  in  Cornwall,  and  resulted 
greatly  in  favour  of  Woolf  s  engine,  probably  from  his  using  higher 
pressure  steam,  and  from  his  carrying  the  expansion  down  in  two 
separate  cylinders. 

In  1850  John  Elder  much  improved  the  compound  engine,  and 
brought  it  into  successful  use  for  marine  engines. 

The  annexed  table  shows  the  development  in  saving  of  fuel ;  the 
figures  give  the  coal  consumption  in  pounds  per  horse-power  per 
hour. 


Atmospheric 
Engine. 

1700 

Low-pressure 
Engine. 
Watt. 
1768 

High- 
pressure 
Engine. 
Evans. 

1804 

Double 
Cylinder 
Engine. 
Woolf. 
1804 

Compound 
Engine. 
Elder. 

1850—1891 

Triple 

Expansion 

Engine. 

1880—1891 

31 

8-8 

67 

4-6 

2-26 

1-76* 

It  may  appear  that  steam-engines  have  been  brought  to  a  high 
state  of  perfection,  but  it  must  be  remembered  that  the  efiiciency  of 
the  best  engines  and  boilers  taken  together  is  only  about  15  per  cent, 
of  the  theoretical  value  of  the  heat  energy  of  the  fuel. 

*  In  a  trial  of  a  triple  expansion  marine  engine  by  the  Research  Committee 
of  the  Institution  of  Mechanical  Engineers  in  July,  1891,  the  consumption  of 
eoal  per  indicated  horse -power  per  hour  was  as  low  as  1  '46  lbs. 
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TYPES    OF    STEAM    ENGINES. 


Beam  Engine,  the  original 
form  as  constructed  by  Boulton 
and  Watt.  This  form  owed  its 
existence  to  the  fact  that  all 
the  earlier  steam  engines  were 
used  for  pumping  water,  the 
beam  forming  a  convenient 
means  of  attachment  for  the 
pump  rods.  Beam  engines  are 
still  used  for  pumping,  but  are 
gradually  giving  way  to  more 
modem  types. 


Fig.  3.— Beam  En<,'iiir.. 


Horizontal  Engine,  with 
open  frame  cast  iron  bed- 
plate, a  type  much  used  for 
all  sizes  of  engines  for  gene- 
ral purposes.  The  bed-plate 
frame  is  of  U  section,  and  is 
bolted  down  to  a  foundation 
of  masonry  or  brickwork,  the 
cylinder,  main  bearing  and 
guides  being  bolted  to  the  bed -plate. 


Figs.  4  and  5.— Horizmital  Engine  with 
Bed-riate. 


Vertical  Engine.— A  type 
now  extensively  used  both  for 
small  and  large  engines;  it 
has  the  advantage  of  occupy- 
ing small  floor  space,  and  is  not 
open  to  the  objection  so  often 
put  forward  against  horizontal 
engines, — that  of  the  cylinder 
wearing  oval.  An  endless 
number  of  varieties  of  this 
type  are  now  in  use,  and  it  is 
the  generally  accepted  type  of 
marine  screw-propeller  engines. 


Figs.  6  and  7  —Vertical  Engines. 
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Figs.  8  and  9. --Girder  Engine. 


Corliss  Frame  or  Girder 
Eng^es. — A  type  of  hori- 
zontal engine  now  extensively 
used.  Figs.  8  and  9  show  an 
example  with  bored  guides ; 
they  are  also  often  made  with 
flat-planed  guides.  In  both 
cases  the  guides  are  formed  in 
the  main  casting  or  girder 
which  connects  the  cylinder  to 
the  main  bearing.  There  are 
many  varieties  of  this  type. 


Fig.  10.— Self-contained  Horizontal  Engine. 


Self  -  contained 
Horizontal  En- 
gines, with  bent  or 
slotted  out  cranks. 
This  type,  largely 
used  for  small  power 


short-stroke  engines,  has  the  cylinder  bolted  on  to  the  end  of  an  open 
bed-plate,  which  is  widened  out  at  the  other  end  to  take  both 
bearings  of  the  crank-shaft,  so  that  the  flywheel  may  be  keyed 
on  either  side.  The  guides  are  usually  formed  in  the  bed-plate, 
the  boring  out  of  the  guides  and  facing  of  the  end  flange  being  done 
at  the  same  setting. 


Oscillating  Eiig^nes,  formerly 
much  used  as  marine  engines.  Fig. 
11  shows  the  usual  type  as  made  by 
Penn  and  others  for  driving  paddle- 
wheels  ;  this  type  has  also  been  used 
for  driving  screw  propellers,  but  is 
now  almost  superseded  by  the  vertical 
type  of  marine  engine. 


Fig.  11.— Oscillating  Marine  Engine. 
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Trunk  Engrinee. — Fig.  12 
shows  an  example  of  this  type 
for  driving  a  screw  propeller 
as  made  by  Penn.  It  has 
the  advantage  of  being  very 
compact  and  simple,  but  is 
open  to  the  objection  of  the 
very  large  gland  for  the 
trunk,  and  that  the  trunk  in 
its  outward  stroke  is  exposed 
to  the  cooling  effect  of  the 
air.  Very  large  engines  of 
this  type  were  formerly  made. 
Two  varieties  are  also  shown 
in  figs.  13  and  14. 
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Figs.  13  and  14,— Trunk  Engines. 


Vertical  Marine  Eng^e, 
old  type  by  Maudslay.  Arrange- 
ment to  reduce  height,  but  at 
the  expense  of  introducing  heavy 
reciprocating  masses. 


Figs.  15  and  16.— Maiidslay's  Marine  Enpm**. 


Steeple  Engine,  formerly,  and  still  occasion- 
ally, used  for  driving  paddle-wheels.  A  variety 
of  this  type  has  been  used  for  small  powers,  and 
known  as  the  Table  Engine. 


Ficc.  17.— Steeple  Engine. 
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Fig.  18.~Bourne's  Marine  Engine. 


Bounie'8  "return  con- 
necting-rod "  engine,  derived 
from  the  Steeple  Engine,  and 
used  principally  for  driving 
screw  propellers.  There  are 
two  piston-rods  in  this  en- 
gine, placed  above  and  below 
the  crank-shaft. 


Beam  Engine,  Woolf' s 
Compound.  —  Two  unequal 
cylinders,  side  by  side,  at  one 
end  of  the  beam.  Many 
pumping  engines  are  of  this 
type. 


Fig.  19. 


-Woolf  s  Compound  Beam  Engine. 


M'Naught's  Compound  Beam 
Engine. — This  system,  consisting 
of  a  small  cylinder  (high  pressure 
cylinder),  placed  at  the  opposite  end 
of  the  beam  to  the  larger  cylinder 
used  as  a  low-pressure  cylinder,  was 
introduced  by  M*Naught  for  increas- 
ing the  power  of  existing  engines. 
The  high-pressure  cylinder  was  the 

one  added,  the  original  cylinder  being  the  low  pressure  cylinder. 

The  power  of  the  engine  was  thus  increased  by  increase  of  boiler 

pressure  and  the  addition  of  the  new  small  cylinder,  to  which  the 

boiler  steam  was  admitted. 


Fig.  20.— M'Naughf  8  Compound  Beam 
Engine. 


Inclined  Frame  Engines, 
now  used  extensively  for  paddle- 
steamers  in  several  different  varie- 
ties, usually  compound  engines. 


Fig.  21.— Inclined  Frarue  Engine. 
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A  Double-Cylinder  Engine  variety 
derived  from  the  above,  with  the  cylin- 
ders inclined  at  an  angle  of  about  45^, 
is  occasionally  tised  for  driving  rolling- 
mills  in  bar  iron  works. 


Fig.  22.— Inclined  Frame  Engine. 


A  variety  of  compound  en- 
gine, with  inclined  cylinders, 
is  shown  in  fig.  23. 


Fig.  23.— Inclined  Cylinder  Engine. 


Fig.  24.— Radial  Engine. 


Fig.  26.— Four-Cylinder  Radial  Engine. 


Radial  Eiigines. — A  modem  type,  of  which  there  are  many 
varieties.  Fig.  24  shows  Brotherhood's  three-cylinder  single-acting 
radial  engine  ;  fig.  26,  one  with  four  cylinders.  These  are  used  for 
driving  fans,  steam-launches,  and  other  purposes  requiring  speed 
and  compactness. 


Willans'  Central  Valve  Engine.— 
One  of  the  most  modem  types  of  engine, 
single-acting,  compound  or  triple-expan- 
sion ;  a  special  feature  is  the  hollow 
piston-rod  and  central  valve.  Extensively 
used  for  driving  dynamo-electric  machines 
coupled  direct  on  to  the  armature  spindle. 
(Seepages  348—352.) 


Fig.  26.— Willans'  Central  Valvo 
Engine. 
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Various  ways  of  arranging  Cylinders  and  Cranks  in 
Double  and  Three-cylinder,  Compound,  and  Triple-expan- 
sion En^  ^nes.— Outline  diagrams. 


Pig.  27.- Double  Cylinder,  with 
cranks  opposite  or  at  180  degrees. 
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Fig.  29. —Coin pound  Woolf  Engine, 
with  cranks  together. 


Fig.  28.— Three-cylinder  Engine,  with 
cranks  at  120  degrees. 
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Fig.  30.— Compound  Woolf  Engine,  with 
cranks  opposite  or  at  180  degrees. 


PP"  ^ 


Fig.  31.— Compound  Tandem  Engine 
with  receiver. 


Fig.  82.— Compound  Engine,  with  cylin- 
ders side  by  side  with  receiver ;  cranks 
at  90  degrees. 


Fig.  33.— Triple  Expansion  Engine, 
with  cylinders  side  by  side ;  cranks 
at  120  degrees. 
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Fig.  34.— Triple  Expansion  Engine, 
semi-tandem ;  two  cranks  at  JK) 
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Action  of  PistonB  and  Cranks  in  Woolf,  Ctomponndi  and 
Triple-expansion  Engines.'^ — Outline  diagrams. 

A  cran^  is  shown  to  each  piston,  to  enable  the  action  to  be  clearlj 
followed  ;  in  reality  there  is  only  one  crank  shaft  to  each  engine. 


Fig.  88.~Semi-Tandem  Triple-Bxpansiou  Efcgine,  with  two  receivers. 


•  Farther  details  of  the  action  of  these  compound  engines  are  given  in  the  section  on 
Componnd  Engines,  paj^e  850. 
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Names  of  the  Parts  of  a  simple  Steam  Engine. 


Fig.  «. 


A.  Cylinder. 

JB.  Frame,  bed,  or  bed  plate. 

C.  Ciosshead. 

D.  Connecting  lod. 

E.  Crank. 

F.  Crank  pin. 

G.  Crank  shaft. 
H.  Flywheel. 

J,  Outer  bearing  of  crank  shaft. 

K,  Piston. 

L.  Piston  rod. 

o.  Crank  shaft  bearings,  or  main  bearings. 

b.   Crosshead  pin  or  gudgeon. 

e.   Safety  rail  round  engine,     [and  gland. 

d.  Front  cylinder  cover  with  stufllng  box 

e.  Back  cylinder  cover.  ^ 


/    Valve  chest,  or  steam  chest. 

gr.   Main  valve^^inain  slide. 

A.  Cot  offvjm  or  expansion  valve. 

i.    Main  valte  rod  or  spindle. 

Z.    Valve  rtSa  guides. 

w.  Valve  rod  joints. 

n.  Cut-off  valve  eccentric  rod. 

Maiti  valve  eccentric  rod. 

Cut  off  valve  eccentric. 

Main  valve  eccentric.         [expansion. 

Hand  adjustment   for  varying    the 

Bosses  for  indicator  cocks. 

Lagging,  casing,  or  clothing. 

Airangement  for  turning  the  engine 
slowly  round,  *' barring"  arrange- 
ment 
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Notes  and  General  Remarks. 

The  size  or  perhaps  better  the  pt>wer  of  an  engine  may  be  esti- 
mated by  the  diameter  of  the  cylinder,  the  length  of  the  stroke  and 
the  boiler  pressure.  The  merits  may  be  judged  by  the  general 
design,  workmanship,  materials  used,  the  construction  of  connecting 
rod  ends,  crosshead,  crank  shaft  bearings,  and  by  the  nature  of  the 
valve  gear. 

The  proportion  of  stroke  to  cylinder  diameter  varies  from  1.6  to 
2.0  in  ordinary  engines  for  driving  plants  of  machinery,  and  in 
special  high  speed  engines  from  .75  to  1.25. 

The  steam  engine  maker  must  consider  weU  before  making  a  series 
of  engines  of  one  type,  how  best  to  make  the  minimum  number  of 
patterns  serve  for  diflFerent  sizes  or  powers  required,  and  it  is  impor- 
tant to  see  that  the  parts  are  as  far  as  possible  symmetrical  about  the 
centre  line,  in  order  that  engines  may  be  readily  built  right  or  left- 
handed,  in  short  before  making  either  drawings  or  patterns,  all  possi- 
ble dimensions  should  be  tabulated  out  clearly,  a  few  skeleton  out- 
lines being  made  for  the  different  sizes  showing  centre  lines  only,  the 
details  such  as  pistons,  crossheads,  crank  pins,  main  bearings,  etc. 
can  then  be  designed  and  a  general  drawing  of  each  size  prepared ; 
from  which  the  larger  patterns  can  be  made. 

The  most  convenient  starting  points  are  obviously  the  diameter 
of  the  cylinder  and  the  length  of  the  stroke,  then  follow  the  speed, 
the  maximum  steam  pressure  and  the  subordinate  details. 

In  making  a  set  of  drawings  for  a  steam  engine ;  for  example  of 
the  horizontal  girder  type  ;  the  following  method  ^vill  be  found  both 
convenient  and  quick.  Draw  the  centre  line  for  the  cylinder  in 
plan  and  also  the  centre  line  for  the  crank  shaft  at  right  angles  to  the 
same,  then  from  the  table  of  dimensions  draw  in  the  crank  pin  where 
the  two  centre  lines  cross,  on  the  centre  line  of  crank  shaft  the  width 
of  the  crank  may  then  be  set  out  which  will  give  the  position  of  the 
main  bearing,  the  width  of  the  same  being  taken  from  the  tables ;  the 
same  two  centre  lines  are  then  drawn  in  elevation,  and  a  circle  for 
the  path  of  the  crank  pin  centre,  the  length  of  the  connecting  rod 
from  the  tables,  will  give  the  three  positions  of  crosshead  pin  centre, 
an  outline  of  crosshead  at  the  two  extreme  positions  will  give  the  ne- 
cessary length  and  positions  of  the  guide  surfaces  for  the  crossliead 
slippers,  the  piston  rod  gland  then  drawn  in  will  give  the  necessary 
clearance  befween  it  and  the  end  of  the  crosshead  boss.  The  stuffing 
box  and  cylinder  cover  then  added  will  enable  the  position  of  the 
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cylinder  to  be  determined  ;  the  remainder  of  the  engine  may  then  be 
filled  in  on  the  same  principle,  remembering  that  in  all  machine 
designing,  whether  they  be  steam  engines  or  other  machines  of  more 
or  less  special  character,  it  is  always  well  to  have  in  view  the  fact 
that  the  complete  machine  to  be  designed  is  composed  of  a  number 
of  elementary  parts  or  "  units,"  which  have  to  be  brought  together 
in  a  practical  form,  and  in  order  to  save  time  and  labour  all  these 
"units"  should  be  thoroughly  worked  out  before  the  attempt  is 
made  to  work  out  the  complete  machine.*  It  is,  however,  obvious 
that  even  elementary  parts  require  modification,  but  the  more 
thoroughly  the  smaller  details  are  worked  out,  the  less  will  be  the 
labour  and  thought  necessary  to  produce  a  complete  machine  for  any 
special  purpose.  Speaking  of  the  designing  of  steam  engines  of 
small  powers,  where  a  large  number  have  to  be  made  of  few  different 
sizes,  the  most  successful  makers  have  always  been  those  who  keep 
all  the  possible  elementary  parts  in  stock,  this  system  Bnabling  the 
cost  of  production  to  be  greatly  decreased,  and  leaving  a  margin  for 
better  design,  material,  and  workmanship  than  is  possible  when  each 
part  is  only  made  when  actually  wanted.  Careful  proportion  of 
parts  is  not  all  that  is  wanted  ;  a  detail  that  may  work  out  well  in 
one  manufactory  will  not  do  so  well  in  another.  The  designer  must 
know  the  capabilities  of  the  factory,  nay,  even  the  capabilities  of  the 
heads  of  the  different  workshops,  before  he  can  produce  designs 
capable  of  being  carried  out  so  that  the  works  may  be  run  at  their 
maximum  efficiency. 

*  To  many,  these  remarks  may  seem  superfluous,  but  from  neglect  of  these 
first  principles  of  machine  design  much  time  is  often  lost  in  the  drawing  office. 


SECTION    11. 
DETAILS   OF    STEAM    ENGINES. 

The  following  leading  points  iii  steam  engine  design  and  con- 
struction are  important. 

Ample  strength — it  is  not  sufficient  to  trust  to  calculation  alone 
but  to  compare  calculated  results,  and  to  modify  such  results  with 
judgment  based  on  experience. 

The  selection  of  suitable  materials  for  the  diiferent  parts ; — such  as 
the  best  possible  mixtures  of  cast  iyon  for  the  cylinder,  the  use  of 
phosphor  bronze,  good  gun  metal  or  even  white  metal  in  the  bear- 
ings, and  steel  for  all  rods  and  spindles. 

The  form  of  those  parts  of  which  patterns  have  to  be  made  is  of 
importance  ;  and  especially  in  cast  iron  or  cast  steel  very  great  care 
must  be  used  in  the  distribution  of  the  metal,  any  sudden  transition 
from  thick  to  thin  metal  being  a  source  of  unsoundness  in  the  cast- 
ings, and  in  most  cases  the  designer  should  endeavour  to  study  the 
different  parts  to  be  made  in  cast  metal  from  the  moulder's  side  of 
the  question,  the  best  castings  being  almost  invariably  produced  from 
patterns  so  formed  as  to  leave  the  sand  with  ease,  without  rendering 
it  necessary  to  "  mend  up ''  the  mould ; — it  being  obvious  that  all 
mending  up  of  a  mould  means  a  source  of  inaccuracy  in  the  result- 
ing casting,  i.e.  that  it  will  differ  from  the  pattern  and  no  two  cast- 
ings will  be  obtained  alike. 

Good  workmanship  ; — the  dearest  is  not  always  the  best  Special 
attention  should  be  given  to  the  wearing  surfaces,  and  in  order  to 
prevent  hot  bearings  the  brasses  should  always  be  bored  out  a 
fraction  larger  than  the  measured  diameter  of  the  shaft  which  runs  in 
them  ;  it  is  often  difficult  to  make  a  workman  do  this  as  he  is  apt  to 
think  that  such  a  practice  is  against  the  idea  of  a  "  good  fit ; "  hot 
bearings  often  cost  a  factory  considerable  sums  of  money  and  may 
damage  the  reputation  of  an  engine  maker.  Good  lubrication  is  a 
necessity,  and  all  oil  holes  in  brasses  or  joints  should  be  supple- 
mented by  distributing  oil  grooves  or  channels,  deep  enough  to  keep 
clear  for  a  long  time,  a  simple  oil  hole  in  a  long  bearing  especially,  is 
totally  inadequate. 

"An  excessive  or  exaggerated  seeking  after  improvements  or 
originality  is  very  objectionable,  one  holds  to  good  and  well  tried 
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schemes.  Every  iimovatioii  should  be  discussed  with  a  partner  or  a 
practical  man,  four  eyes  seeing  more  than  two.*'  The  seeking  after 
improvements  or  new  appliances  should  always  be  encouraged,  many 
useful  schemes  are  lost  by  diffidence  on  the  part  of  the  schemer, 
which  a  little  encouragement  would  allay. 

Besides  one*s  own  experience  we  may  often  make  use  of  that  of 
others,  and  notes  of  what  we  see,  systematically  arranged,  so  as  to  be 
easy  to  find,  will  afford  much  assistance. 

Frames  for  small  Self-contained  Horizontal  Engines 
Up  to  15  inclies  stroke. 


Figs.  41  and  42.— Frame,  with  double  (top  and  bottom)  slipper  guides 
with  flat  surfaces. 

The  crank  shaft  is  bent  or  slotted  out  and  admits  of  the  flywheel 
being  carried  at  either  side  of  the  engine  outside  the  bearings,  and  if 
required  a  driving  pulley  at  the  opposite  side.  The  crank  shaft  bear- 
ing brasses  are  generally  in  two  pieces  with  a  cap  and  two  or  four 
bolts. 

Fn IT!'    yi, 


Figs.  43  and  44.— Frame  with  bored  Guides. 


FRAUES  FOR  SHALL  EKOIirES. 
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45  and'  4C— Frame  with  single  slipper  guide. 


Figs.  47  and  48.— Frames  with  bored  guides. 


All' the  above  frames  are  symmetrical  about  the  centre  line  in  plan. 


18 


DETAILS  OF  STEAM  ENGINES. 


Pigs.  49  and  60.— Frame  with  lx)red  guides. 

These  frames  are  not  symmetrical  about  the  centre  line  and  but 
little  used,  as  right  and  left  hand  patterns  would  be  required. 

These  engines  can  be  used  as  wall  engines  by  being  bolted  verti- 
cally with  either  the  cylinder  or  crank  shaft  above ;  to  a  substantial 
wall;  they  are  convenient  also  for  transit  as  they  can  be  packed 
complete  with  everything  in  its  place  except  the  fly-wheel. 

The  development  of  steam  engine  frames  from  earliest  times  to  the 
present  day  is  quite  an  interesting  study,  and  has  been  progressing 
so  quietly  that  it  often  escapes  notice ;  formerly  architectural 
features  were  always  introduced,  now  smoothness  of  outline  is 
almost  universal,  and  the  even  disposition  of  metal  is  studied. 

In  horizontal  engines  of  old  types  the  bed  was  treated  more  or  less 
as  a  plate  whereon  to  bolt  cylinders,  guides  and  bearings  ;  the  metal 
was  placed  below,  and  far  away  from  the  centre  line  of  the  piston 
rod,  so  that  the  bed  plate  was  subjected  to  a  bending  stress  at  each 
stroke  of  the  piston,  and  these  beds  in  some  measure  depended  on 
the  mass  of  masonry  to  which  they  were  bolted  for  stiffness.  In 
modern  designing  the  tendency  is  to  dispose  the  metal  as  nearly 
in  the  right  place  to  resist  stresses  as  possible.  In  girder 
engines  the  metal  is  disposed  around  the  same  horizontal  plane  as 
the  piston  rod,  and  as  near  to  it  as  possible  sideways  ;  in  vertical 
marine  engines  the  frame  is  a  stiff  triangle,  placed  over  the  crank 
shaft ;  in  marine  paddle  engines,  &c.,  of  diagonal  type  the  metal  is 
disposed  in  a  most  advantageous  manner. 
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Fig.  51. 
Bed-plate  Frames  of  U-fonn  section ;  an  old  type,  but  still  used  for  large  engines. 


Table  1.— Dimensions  of  the  above  Frames. 
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*Note. — Throughout  the  Tables  the  letter  H  signifies  the  stroke  of  the 
engine,  and  D  the  diameter  of  the  cylinder. 
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Frames  for  Medium  and  I^arge  Engines. 

The  bed  plate  frame  as  in  page  19,  fig.  51,  was  formerly  largely- 
used  but  now  has  given  place  to  the  more  modem  types  given  below  ; 
it  has  the  advantage  of  taking  firm  hold  of  the  foundation  and  is 
still  much  used  for  winding  engines  of  large  size. 


Figs.  66  and  57. 


i> —'—-•-— ^M 


Figs.  60  aud  01. 
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Figg. 
65  6  66. 


All  the  above  frames  Figs.  56 — 66  are  of  the  semi-girder  type 
having  the  frame  supported  throughout  its  length  on  the  foundation 
except  fig.  65,  which  is  of  the  true  girder  type,  the  girder  being  free 
from  the  foundation,  supports  being  at  the  ends,  one  under  the 
cylinder  the  other  at  the  main  bearing.  In  the  semi-girder  type  the 
cylinder  usually  overhangs  the  end  of  the  frama 

Note. — ^The  frame  of  a  gir- 
der-winding engine  at  Heme, 
of  5'3"  stroke,  cracked  at  (a 
fig.  67,  and  the  bending 

the    girder    in    the    middle  ^^'^'^' 

could  be  seen  distinctly.     A  hole  was  drilled  at  the  end  of  crack  (6), 
and  a  supporting  foot  fixed  under  the  girder  at  C.       •      * 
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The  opening  or  window 
for  the  crosshead  has  ends 
in  the  form  of  a  parabola 
with  axes  as  1  to  3  and  a 
fillet  is  carried  round  the 
window  either  as  at  A  or 
B.  Fig.  71  also  shows  the 
blending  of  the  round  part 
of  the  frame  with  the 
flange  to  which  the  cylin- 
der is  bolted;  the  guides 
are  sometimes  finished  as 
shown  in  Figs.  72,  73. 


Fis  71 


Figs.  72  and  Y3. 

Fig.  74  shows  the  connec- 
tion between  the  part  of  the 
frame  with  the  bored  out 
guides  and  the  main  crank- 
shaft-bearing, the  straight  line 
Pig  74,  forms    shown  in  the  figure, 

makes  the  pattern  simple ; 
the  dotted  circles  show  the  holes  for  venting  the  core  and  for  getting 
it  out  of  the  casting. 


^ 

o  <:. 

-^ 

^N-I^ 

_o~ 

\ 

' 

1 

\ 

-4 

i 
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Fig.  75.  Fig.  76. 

Table  4.— Feet  for  supporting  Girder  Frames  (Figs.  75 — 77). 


Engines. 

Feet  supporting  middle  of 
Girder. 

Feet  at  Cylinder  end  of  Girder. 

H 

20 
24 
28 
32 
36 
40 
44 

D 

a 

b 

c 

<; 

e 

f 

9 

h 

i 

k 

6| 

n 

8 

94 
114 

n 

15 
17 

m 

10 
12 
14 
16 
18 
20 
22 

54 

|7i 

10 
lOj 

11 

"i 

12 
12} 
13i 
14J 

7i 

74 

8 

8} 

6J 
6} 

21 
22 
23 

2^ 

6 

2| 

4 

5 

64 

6| 

All  Dimensions  are  in  Inches. 

Small  engines  up  to  12^  diameter  oi  cylin- 
der are  frequently  made  with  overhanging 
cylinders  and  with  the  foot  cast  in  one  with 
lie  girder  as  shown  in  fig.  76. 

For  laiger  engines  an  intermediate  support- 
ing foot  is  sometimes  cast  or  holted  on  to  the 
girder.  The  curve  of  the  sides  of  these  feet  is 
parabolic,  fig.  77 
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Fig,  78.» 


Table  5.— Main  Bearing  Foot  (Fig.  78). 


Engines; 

All  Dimensions  are  in  Inches. 

H 
20 

D 
10 

a 
13i 

2 

c 

Hi 

9 

e 
25 

/ 

ff 

A 

i 

A; 
13 

IJ 

7 

2 

If 

24 

12 

14| 

2i 

12i 

11 

3f 

If 

8J 

2i 

2 

16^ 

28 

14 

18 

2i 

15J 

12 

35 

2J 

9i 

3i 

2i 

18 

32 

16 

20 

2| 

17i 

13 

4f 

25 

lOj 

3| 

2i 

19J 

36 

18 

21J 

2i 

18} 

15 

45 

If 

12i 

3f 

2i 

2U 

40 

20 

24 

3i 

21} 

16 

5i 

25 

12i 

4i 

2i 

23i 

44 

22 

26 

3i 

22} 

18 

6 

2* 

14| 

5i 

2i 

26^ 

*  This  foot  is  not  symmetrical  about  the  longitudinal  centre  line,  and  there- 
fore cannot  be  used  for  both  right  and  left-hand  engines  without  alteration  to 
patterns  unless  bolted  to  girders  by  a  flange. 
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1^ 

Fig.  79.  Fig.  80.  Fig  81.  Fig.  82. 

Table  6.— Sundry  Details  for  Girder  Frames  (Figs.  79 — 82). 


H 

Oil  Cup  for 
Guides. 

Bosses  for  Foundation 
Bolts. 

Boss  for 
Guard  Rail. 

Oil  Catcher  for 
Main  Bearing. 

No, 

a 

b 

c 

<i 

e 

/ 

9 

h 

i 

fc 

I 

m 

» 

0 

8 

H 

i 

U 

n 

If 

1 

H 

— 

— 

— 

- 

— 

— 

— 

;i2 

2 

k 

n 

.^i 

li 

li 

If. 

• 

— 

— 

— 

— 

— 

— 

16 

n 

i 

n 

H 

If 

i§ 

2 

§ 

1 

2 

9 

1 

i 

2 

20 

2| 

i 

H 

i| 

2 

H 

2i 

f 

« 

2i 

10 

1 

J 

2 

24 

H 

i 

ii 

2 

2 

If 

^ 

1 

21 

11 

u 

i 

2i 

28 

H 

« 

2 

H 

2S 

2 

2| 

5 

2i 

12 

n 

i 

2i 

32 

2 

H 

S 

2J 

2J 

2J 

2i 

3 

1 

2| 

13 

n 

§ 

2| 

36 

2 

H 

i 

2i 

2i 

2| 

2g 

3i 

1 

U 

3 

14 

u 

i 

3 

40 

2 

H 

i 

2i 

2^ 

3 

2i 

3i 

1 

u 

3i 

,15 

i§ 

f 

3i 

44 

2 

4 

i 

2i 

2| 

H 

2f 

34 

1* 

li 

3i 

16 

H 

4 

3i 

AllE 
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30 


DETAILS  OF  STEAM  ENGINES. 


PliAMTlS  FOR  MEDIUM  AND  LARGE  ENGINES. 


31 


1 


i 

d 

■I 


d 

o 

o 

i: 


•s 


If 
•s 

I 

SB 


•J 


' 

^•^ 

2 

r- 

I- 

X 

CC 

Ci 

o 

I-H 

f— t 

rH 

f?4 

rH 

rH 

1 

! 

1 

s 

09 

i-H 

rH 

CM 

00 

i-H 

CO 

S 

s 

§ 

S 

eoN 

l-H 

rH 

rH 

(M 

^ 

ecH« 

^ 

-    w 

COM 

e** 

t+0 

rH 

1-^ 

1-^ 

HhH 
rH 

rH 

9^ 

S 

g 

5 

s 

£ 

g 

S 

§8 

o 

«• 

ccto 
(M 

rH 

IS* 

rH 

rH 

S5 

IS? 

(M 

^ 

S3 

co 

e 

^ 

S" 

CM 

rH 

Him 

CO 

rH 

CD 
rH 

00 

o 
©1 

g 

ecHt 

00 

^ 

1—t 

rH 

O 

s 

00 

1 

1 

~ 

^' 

^ 

00 

^ 

1-^ 

H<N 
rH 

»-H 

a 

•«« 

»o 

^ 

«" 

^ 

2 

rH 

«H4 
rH 
rH 

coH< 
rH 

00 

^ 

f^ 

-4M 

rH 

HN 
rH 

rH 

1-^ 

-a 

2) 

05 

-* 
CM 

S 

g 

^ 

O 

^ 

4 

1 

Co 

r 

rH 

rH 

f 

^ 

g 

§3 

^ 

v> 

''^ 

rH 

rH 

^ 

^ 

g 

§ 

S 

8 

-« 

??l 

^, 

8 

8 

rH 

1-^ 

5 

rH 

8 

rH 

CD 

(M 

rH 

o 

•QtX) 

«Mi 

wru 

H» 

1— 1 

Hoo 
rH 

HHt 

«|Q0 

rH 

rH 

rfS 

rH 

CO 

rH 

1" 

1" 

1* 

CO 

n 

5 

« 

05 

rH 

rH 

CO 
(M 

rH 
CO 

00 
CO 

Q 

00 

rH 

S 

S 

§ 

(M 

CO 

g 

5 

« 

CD 
rH 

O 

CO 

§ 

5 

CD 

CD 

8 

32 


DETAILS  OF  STEAM  ENGINE& 


Frames  for  Horizontal  Engines  with  more  than  One  Cylinder. 


Figs.  87,  88  show  a  frame 
for  a  double  cylinder  engine 
with  fly-wheel  between  the 
two  cylinders.  A  very  con- 
venient and  cheap  type  for 
small  self-contained  engines. 
The  size  of  the  fly-wheel  is 
limited  in  this  arrangement  to 
about  three  and  a  half  times 
the  crank  radius. 


Figs.  67  and  88. 


Fica.  89— 9L 


FRAMES  FOB  VERTICAL  ENGINES. 
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Figs.  89 — ^91  show  a  frame  for  a  triple  expansion  horizontal  engine 
of  20  inch^  stroke,  the  arrangement  for  adjusting  the  crank  shaft 
brasses  by  set  screws  is  not  recommended,  aJthough  formerly  it  was 
a  very  common  practice.* " 


Frames  for  Vertical  Engines. 


h- 


Fig  92. 


Fig.  08. 


Fig.  94. 


Fig.  95. 


Fig.  96 


Fig.  97 


Fig  98 


Fig.9g. 


The  above  figs.  92 — 99  show  some  early  types  of  vertical  engine 
names  for  small  engines,  a  modification  of  fig.  98  is  now  used  for 
small  quick  running  engines,  and  has  a  wrought-iron  stay  bar  brought 
from  a  lug  on  the  cylinder  down  to  the  front  of  the  base  of  the 
frame. 


♦  See  **Zeitschrift  der  Vereia  deutsch.  Ingenieur,  1888,"  page  226. 
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Figs.  100 — 102  show  a  vertical  engine  frame  of  cast  iron  for  large 
engines  of  the  marine  type,  the  outer  bearing  is  here  on  a  separate 
bed  outside  the  fly-wheel  when  used  as  a  land  engine. 

Figs.  103 — 105  show  a  vertical  engine  frame  of  cast  iron  with 
wrought-iron  stay  bar  in  front,  and  both  crank  shaft  bearings  on  one 
bed  thus  making  the  engine  self-contained. 


Pigs.  106—109. 


Figs.  106 — 109  show  a  frame  of  the  marine  type  modified  for  self- 
contained  vertical  land  engines. 


CEANK  SHAFT  BEABINGS. 
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Crank  Shaft  Bearings. 

Fig.  110.  Pig.  11],  Fig.  112.  Fig.  113. 


Fig.  114. 


Fig.  115. 


Fig.  116. 


Fig.  117. 


Fig.  119. 


Fig.  120. 


Fig.  121. 


Fig.  122. 


Fig.  123. 


Figs.  110— 113.— Bearings  with  brasses  in  two  parts  for  small  engines. 

Pigs.  114— 116.— Bearings  with  brasses  in  three  parts  for  medium-sized  engines. 

Figs.  117— 123.  -Bearings  with  brasses  in  four  parts  for  large  engines. 
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Figs.  124  and  125. 


Figs.  126  and  127. 


Figs.  124 — 127  show  two  different  designs  of  bearings ;  in  one,  Fig. 
124,  the  adjusting  wedge  is  difficult  to  fit  in,  and  in  fig.  126,  if  desir- 
able to  cover  up  the  wedge  at  the  sides,  the  flanges  of  the  brasses  re- 
quire to  be  very  deep. 


Fig.  128  shows  the  bearings  of  cast  iron 
or  cast  steel  lined  with  white  metal.  In 
large  bearings  the  caps  are  often  cored  out 
to  lighten  them,  as  shown  in  section  in  figs. 
129 — 131 ;  these  figures  also  show  two 
methods  of  adjusting  the  brasses  endways 
or  horizontally.  The  outline  of  the  bearing 
foot  is  made  approximately  parabolic,  a 
curve  which  gives  perhaps  the  neatest 
appearance. 


1       ij^e 

Figs.  129—131. 


CRAlilK  SHAFT  BEARINGS*  89 

It  will  be  noted  in  fig.  128  that  the  adjusting  wedge  is  shown 
with  the  small  end  downwards  ;  it  is  generally  better  to  hare  all  ad- 
justing wedges  with  the  large  end  dow^nwards,  as  then,  if  the  bolt  jars 
loose,  the  wedge  will  work  down,  and  not  jamb  as  it  might  do  when 
put  in  the  other  way. 

The  crank  shaft  or  main  bearing,  being  a  very  important  part  of 
the  engine,  requires  special  care  both  in  design  and  construction. 
The  adjustment  of  bearings  with  the  brasses  in  three  or  more  parts 
by  means  of  wedges  placed  so  as  to  take  up  the  wear  in  definite 
directions,  has  many  advantages  if  skilfully  handled,  but  may  lead 
to  bad  results  and  prove  to  be  far  worse  than  the  ordinary  bearing 
with  two-part  brasses  if  badly  handled.  On  this  ground,  many  firms 
make  even  lai^e  engines  with  two-part  brasses  and  no  wedge 
adjustment.  It  is  noticeable  that  both  in  marine  and  locomotive 
practice  the  bearings  are  made  as  simple  as  possible  without  any 
elaboiationjB. 

The  part  of  the  brass  step       ^^ '^^._ ^i.-. ^ 

which  rests  on  the  body  cast-       1  ^j      *^^ j 

iog  of  tlie  beariug    should  'a^^^^^gMg^^^^^i^^^^^^ 
always   be   well  fitted  and     '^^^^^         ^^         ^^^^ 

have  ample  surface.     Figs.       P^-S ^^.. -'j 

132, 133,  show  the  section  of     ,  L  JmC  ■ 

a  crank  shaft  brass  when  new   *'jf^|***^'*^^fe      ^&    vt^^     ^^ 

and  after  many  years  wear,  1 

the  lower  fig.  shows  how  the 

material  of  the  brass  spreads 

out  in  the  direction  of  its  length  by  the  continual  pressure  and  jarrin 

of  ordinary  work.* 

Crank  shaft  and  other  similar  brasses  have  a  tendency  to  close  in 
and  pinch  the  shaft  as  they  become  warm,  to  avoid  this  trouble  two- 
part  brasses  should  be  bored  out  0*5  per  cent,  and  four-part  brasses 
0*8  per  cent,  larger  than  the  diameter  of  the  shaft,  attention  to  this 
point  would  often  save  trouble  in  ordinary  shafting,  the  brasses  of 
which  are  often  sent  out  a  tight  fit  on  the  shaft  and  have  generally 
to  be  filed  or  scraped  out  until  they  are  a  comparatively  loose  fit. 

To  bore  out  and  fit  up  brasses,  especially  when  in  many  pieces,  they 
are  planed  up  on  the  flat  joint  surfaces  and  soldered  together,  and 
can  then  be  bored  out,  turned  or  machined  where  required,  and  fitted 
to  their  places,  and  afterwards  readily  separated  by  heat ;  sometimes, 
where  possible,  they  are  held  together  by  clamps  and  steady  pins. 

*  Zeitschrift  der  Yerein  deutsches  Ingenieur,  1890,  page  931. 
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A  suitable  mixture  for  white  metal  is,  according  to  Kirchw^er, 
composed  ol  9^  parts  copper,  13  parts  antimony,  59  parts  of  pure 
zinc  :  the  copper  should  be  first  melted,  then  the  antimony  and  zinc 

added  and  the  mixture  weU  stirred  and 
granulated ;  27  parts  of  this  granulated 
metal  should  then  be  melted,  and  29^ 
parts  of  pure  zinc  added,  the  mixture 
well  stirred  and  run  into  bars.    There 

f^^o  io^.«^ioic  are  numbers  of  different .  me'tals  now 

Fig8. 184  and  186.  i  r      ^^   -  •  j     ^i       i 

used  for  linmg  engine  and  other  bear- 
ings, one  of  the  first  used  was  Babbit's  metal,  said  to  be  composed 
of  1  part  copper,  10  parts  tin,  and  1  part  antimony.  All  these  alloys 
of  metals,  differing  much  in  their  melting  points,  should  be  mixed 
with  care,  otherwise  the  easily  fusible  metals  will  volatilize,  and  un- 
satisfactory results  will  be  obtained.  Other  standard  metals  used  for 
engine  brasses  vary  in  their  composition  according  to  the  judgment 
and  experience  of  the  manufsicturer,  they  usually  are  composed  of 
copper,  tin  and  zinc,  copper  and  tin  being  the  chief  ingredients. 

The  heating  of  bearings  may  proceed  from  the  construction,  main- 
tenance or  attention,  or  rather  want  of  attention,  whilst  atmrork,  and 
even  when  at  rest. 

The  causes  of  heating  may  be  tabulated  as  follows: — 

1.  Too  high  pressure  per  unit  of  surface  P. 

2.  Too  great  speed  of  the  shaft  for  the  given  pressure,  i.e.,  pvioo 
great. 

3.  Too  much  pressure  from  the  shaft  being  not  sufficiently  stiff  for 
the  work,  i.e,,  shaft  too  elastic. 

4.  Unsuitable  material  for  the  brasses  or  steps. 
6.  Insufficient  means  of  lubrication. 

6.  Blows  or  jars. 

Then  let  d  =  diameter  of  journal  in  inches. 
{  =  length  of  journal  in  inches. 
n  =  speed  in  revolutions  per  minute. 
P  =  total  pressure  in  lbs. 
p  =  pressure  per  square  inch  in  lbs. 
V  =  periphery  speed  of  the  journal  in  feet  per  second, 
then,  for  ordinary  engines  : 

I?  <  270 ;  I?  V  ?  840. 

These  figures  do  not  give  the  limit  to  which  the  pressure  and  speed 
may  be  carried,  the  table  gives  some  examples  taken  from  engines 
which  have  been  running  for  some  years. 
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Table  9. — Examples  of  Main  Bearings  from  Actual 
Practice. 


Diam. 

of 
Steam 

CyL 

in. 

|a 

Revo- 
lution 
per 
mm. 

d. 
in. 

I. 
in. 

P. 

lbs. 

p- 

lb8. 

per 
sq.m. 

p.v. 

toot- 
lbs.  p. 
sec.  & 
sq.in. 

Material 

of 
Bearings. 

Machinery 
driven  by 
engine. 

17-7 

27-6 

66 

6-7 

10-8 

28200 

381 

750 

Babbited 
Gun  metal 

Electric  ligbt 

23-6 

43-3 

75 

12-6 

24-4 

37500 

122 

503 

Gun  metal 

Roller  mills 

(23H> 
(36-4 

41-3 

60 

8-6 

14-2 

46100 

378 

851 

Babbit 

Flour  mill 

(23-6 
(39-3 

39-4 

120 

9-8 

14-5 

30800 

277 

1113 

Gun  metal 

Roller  mills 

25-6 

26-6 

150 
180 

9-6 

15-7 

34800 

235 

1477 
1772 

Babbit 

Roller  mills 

27-5 

39-4 

100 

10-2 

16-5 

49500 

290 

1549 

Babbit 

Roller  mills 

31-5 

47-2 

80 

12-2 

19-7 

52300 

217 

924 

Gun  metal 

Roller  mills 

36-4 

631 

80 

14-2 

22-8 

78200 

242 

1095 

Gun  metal 

Roller  mills 

49-2 

49-2 

80 
90 

17-1 

23-6 

156200 

387 

2310 
2599 

Babbit 

Roller  mills 
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The  Lubrication  of  Bearings  is  of  great  importance,  and 
efficient  means  should  always  be  provided  for  supply  and  distribution 
of  the  oil  or  other  lubricant.    Figs.  136, 137,  give  a  section  through  the 

crank-shaft  bearing  of  an  en- 
gine used  for  driving  a  roll- 
ing mill.  The  lubricant  is  a 
stiff  grease,  and  is  delivered 
into  the  bearing  by  six  pis- 
tons of  gas  tube,  shown  in  the 
fig.  136  in  their  respective 
holes  in  the  cap  ;  from  these 
the  grease  is  forced  by  the 
weight  of  the  pistons  into 
channels  formed  at  the  joints 
of  the  different  parts  of  the 
brass.  The  engine  from 
which  this  example  is  taken 
has  a  cylinder  of  39  ins.  dia- 
meter, and  the  stroke  is  65  ins. 
The  large  opening  in  the 
centre  of  the  cap  can  be  filled 
up  with  lard  (speck),  a  mate- 
rial largely  used  in  rolling 
mills.  The  adjusting  wedge 
is  of  the  same  form  as  that 
shown  in  fig.  127. 

Water  is  occasionally  used 
to  cool  down  hot  bearings, 
applied  as  shown  in  fig.  138 ; 
with  marine  engines  water  is 
laid  on  to  most  of  the  bear- 
ings through  small  copper 
pipes  from  a  cistern,  each 
pipe  being  provided  with  a 
tap.     Figs.   139—142  give 

examples  of  a  large  crank  shaft  bearing,  with  the  dimensions  given 

in  inches  in  Table  10  below. 

Solidified  oil  or  grease  has  been  successfully  introduced  for  the 

lubrication  of  engine  and  other  bearings ;  it  is  forced  into  the  oil 

grooves  by  a  special  screw  cap  to  the  lubricator,  such  as  those  of 

Stauffer  and  others. 


Figs.  136  and  187. 


Fig.  138. 
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Pig.  141. 


Fig.  140.  Fig.  142. 

Pigs,  139— 142.— Bearing  with  Brasses  in  Four  Parts. 
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>.— Dimensioxis  of  Bearings  (Figs.  139—142) 
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Fig.  146. 


Fig.  147. 


Figs.  146,  147  show  an  example  of  inclined  main  bearing  for  high 
speed  rope  pulley,  and  is  arranged  for  water  circulation. 


Crank  Shafts,  Cranks,  and  Crank  Discs. 

Crank  shafts  were  usually  made  of  wrought  iron,  but  now  almost 
always  of  mild  steel.  For  very  large  marine  engines  they  are  built 
up  of  steel,  often  Whitworth's  compressed 
steel,  and  are  made  hollow  to  save  weight ; 
the  diameter  of  the  hollow  being  about  -6 
of  the  external  diatneter  of  the  shaft. 
Fig.  148  shows  a  built-up  hollow  crank. 

In  high  speed  engines  the  weight  of 
the  connecting  rod  and  crank  should  be 
Fig.  148.  balanced. 

Let  Wi  =  the  necessary  balance  weight 

K    =  radius  of  the  centre  of  gravity  of  the  balance  weight. 
Wa  =  weight  of  the  crank  pin  plus  half  the  weight  of  the 

connecting  rod. 
T    —  the  radius  of  the  crank. 

Wg  =  weight  of  the  piston,  piston  rod  and  crosshead. 
Then  for  horizontal  engines 


for  vertical  engines 


for  locomotives  it  may  be  taken  that 


"F 
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The  balance  weight  should  act  in  the  same  plane  in  which  the 
parts  to  be  balanced  move  ;  hence  it  is  wrong  to  balance  the  crank, 
connecting  rod,  piston,  .and  crosshead  by  applying  the  balance  weight 
to  the  fly-wheel.  The  employment  of  crank  discs,  figs.  160,  163, 
although  somewhat  easy  to  balance,  is  often  objectionable  on  account 
of  their  acting  as  resonant  bodies,  and  tend  to  magnify  the  noise 
caused  by  any  knock  in  the  engine.*  A  balanced  crank  disc  is 
shown  in  figs.  156,  157. 

Cranks,  Crank  Discs^  Slotted  out  and  Bent  Crank  Shafts. 

Pigs.  149  and  150. Pigs.  151— 155. 


Pigs.  156  and  157.  Pigg.  158  and  159. 

Figs.  149,  150,  show  a  form  of  ordinary  crank,  formerly  made  of 
cast  iron  ;  figs.  151 — 156,  a  crank  of  wrought  iron  or  cast  steel ;  figs. 

*  This  may  be  true  in  some  cases,  but  if  the  disc  is  suflSciently  massive  the 
effect  is  not  very  noticieable,  especially  if  the  balance  weight  is  applied  as 
18  shown  in  figs.  182,  184.— Ed. 
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156, 167,  a'ciank  disc  of  cast  iron  ;  figs.  168,  169,  a  crank  of  either 
cast  iron  or  cast  steel,  the  former  material  is  not  now  mnch  used, 
except  in  small  cheap  engines. 


Crank  Shafts  with  Balance  Weights. 


Piga.  100  and  101. 

Figs.  160,  161,  show  a  slotted  or  machined-out  crank,  with  disc 
balance  weights  applied  in  a  special  manner  to  the  round  cheeks  of 
the  crank  dip. 


Figs.  102  and  lOS. 

Figs.  162,   163,  show  an  arrangement  for  applying  the  balance 
weights  to  the  cheeks  of  an  ordinary  slotted-out  crank. 
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Figs.  164  and  165. 

Figs.  164,  166,  show  a  wrought-iron  or  steel  crank,  with  the  crank 
pin  free  in  one  side  of  the  crank ;  this  type  is  much  used  for 
paddle  engines,  the  engine  crank  shaft  being  separate  from  the 
paddle-wheel  shafts,  the  latter  being  driven  by  the  crank  pin  as 
shown,  the  left  crank  being  on  the  engine  shaft,  the  right-hand  one 
on  the  paddle-wheel  shaft. 


Cranks,  Crank  Discs,  Slotted-out  and  Bent  Crank  Shafts. 


..-.4-. 
1 





— 

i 

J 

H 

Figs.  166  and  167. 


Figs.  168  and  169. 


Figs.  166,  167  show  a  form  of  crank  with  balance  weight  in  one 
piece;  figs.  168,  169,  a  slotted-out  crank  a  form  much  used  in 

B 
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"  undertype  '*  and  other  engines  where  it  is  desirable  to  save  room  in 
^e  width  of  the  engine,  this  form  being  narrower  than  the  common 
form  of  bent  crank,  which  is  almost  exclusively  used  on  portable 

1 —  ^  engines,  fig.  170.     In  the  fig.  169  the 

k       >y  /^    \  slotted  crank  is  shown  with  the  sides 

IJ        \  [       (I—  shaped  off  concentric  with  the  shaft  and 

pin  respectively  at  the  two  ends,  but  it 
is  usual  to  turn  these  ends  in  the  lathe 
on  a  centre,  midway  between  the  crank 
pin  and  shaft  centres. 


Fig.  171. 


Crank  Shafts. 

Particulars  of  the  neck  or  journal 

In  fig.  171:  — 

P  =  Pressure  on  piston  in  lbs.  ; 
Mft  =  PZ  =  the  bending  moment  in 

inch  or  foot  lbs. ; 

Md  =  Pr  =  the  turning  moment  in 

inch  or  foot  lbs.  ; 

A;  =  the  stress  on  the  material  in 

pounds  per  square  inch ; 

so  the  ideal  bending  moment  (if,  as  usually  the  case,  Mj  <  M^) 
(M^X  = -626  M,  + -6  M,  =  Wifc. 

Example.— An  engine  with  piston  15f "  diameter,  stroke  27^^,  I  = 
13f',  p  =  103  lbs.  per  square  inch,  P  =  20064  lbs. 

(M,),  =  (-625  X  20064  x  13-75  +  20064  x  -6  x  13-76)  -r  12  =  28400 
foot  Ibs.^  or  340600  inch  lbs. 

The  stress  on  the  metal  may  be  taken  as  A;  =  9960  lbs.,  or  4-4  tons 
per  square  inch,  this  gives  the  resistance  moment 


W  =  -1  d*  =  ^^99.  =  34-0 
9960 

d  =  6-9  inches. 
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Material :  Wrought  Iron  or  Mild  SteeL 


rl 


k#3-b:::5::v2?v 


Fig.  172. 

The  diameter  of  the  neck  or  journal  being  dy  the  diameters  at  the 
other  parts  of  the  shaft  in  fig.  172,  d^  =  1*15  (f,  rf,  =  1*4  d. 

With  usual  proportions  the  stress  on  the  metal  at  d^  may  be  taken 
as  from  2,800  to  5,600  lbs.,  or  \\  to  2i  tons  per  square  inch 

If  Q  =  the  weight  of  the  fly-wheel  in  pounds,  the  ideal  bending 
moment  for  d^  taking  as  before,  page  50,  M»  <  M^ 

(M>5,  =- WJ5r  =  0-625  G  ^  +  0-6  Pr. 


Cranks  and  Crank  ]Ans. 

Wrought-iron  or  cast  steel  cranks  (fig.  173). 

Length  of  boss  6  =  '9  to  1*3  rf ; 
Thickness  of  metal  W  =  '4  to  '5  rf  j 
The  crank  web  will  be  exposed  to  a  bending 
and  twisting  stress^ 

The  diameter  of  the  boss  for  the  crank  pin  will 
be  about  §  of  the  larger  boss  for  the  shaft.  The 
bore  of  the  boss  is  made  from  ^  to  ^  smaller 
than  the  end  of  the  crank  shaft,  put  on  hot,  in 
workshop  language  "  shrunk  on,"  and  fitted  with 
one  or  two  keys. 


lei 


f\ 


B 


Fig.  . 
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Crank  Shafts  for  Seines  with  Two  Cylinders. 


Fig.  174. 


Table  12.--l>imension8  of  Crank  Shafts  (Fig.  174). 
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All  Dimensions  are  given  in" Feet  and  Indies. 
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Crank  Pins. 

These  are  invariably  of  mild  steel, 
d  =  diameter  of  pin  in  inches. 
6  =  length  of  pin  in  inches. 
P  =  maximum  pressure  on  piston  in  lbs., 

then  M;  =  P 1  =.  WA;  =  -1  d^k. 
2 


Fig.  176. 


-  /;-  - -^-i♦-  9l. 


The  stress  k  may  be  taken  as  from  6,720  to  11,200  lbs.  or  3  to  5  tons 
per  square  inch.    In  order  to  avoid  heating,  the  crank  pin  is  usually 

made  larger  than  given  by  the  above  formula.  Let  p =^  =  the  pres- 
sure per  square  inch  in  lbs.  on  the  surface  of  the  crank  pin  and 
V  =  -^  =  speed  of  crank  pin  surface  in  feet  per  minute,  then  for 

ordinary  workmanship  p  <,  1,130  lbs.  per  square  inch  vp  <  845. 
With  very  high  class  workmanship  we  may  go  higher  :  see  table  on 
page  63. 

Methods  of  fixing  crank  pins  into 
the  crank  arm. — A  very  usual  method 
is  with  cone  and  key  (fig.  177),  the 
pin  being  shrunk  in,  the  taper  of 
the  cone  being  about  1  in  32.  There 
is  always  difficulty  in  boring  a 
tapered  hole  and  making  a  pin  to  be 
an  exact  fit,  an  easier  and  better 
method  of  fixing  crank  pins  is  by 
making  the  pin  with  a  collar  and 
turning  the  shank  parallel  to  fit  a  parallel  hole  in  the  crank  arm,  the 
pin  can,  when  small,  be  secured  by  riveting  the  end  over  or  by  a  key 
transversely  through  crank  arm  and  pin,  but  in  all  cases  the  pin 
should  be  shrunk  in,  or  squeezed  in  with  a  hydraulic  press.  A 
special  method  of  fixing  the  pin  is  shown  in  fig.' 174,  which  also 
showd  an  elaborate  system  of  lubrication. 


Fig.  176. 
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Grmnk  Iliscs  of  Cast  Iron. 


-f«^l 


Figs.  182—184. 


Table  14.— Dimensions  of  Orank  Discs  (Figs.  182 — 184). 
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Preparation  of  Crank  Pins  in  Special  Cases. 

Crank  pins  ?ire  sometimes  case-hardened  and  ground  up  true  in  a 
grinding  machine.  This  has  heen  done  in  America,  and  also  in 
Germany  and  other  countries.  The  journals  in  the  Allen  engine  by 
Whitworth  were  ground,  up  perfectly  true ;  no  doubt  this  is  con- 
ducive to  cool  running,  but  with  ^rank  pins  the  heating  is  not 
always  caused  by  want  of  truth  in  the  form  of  the  pin,  but  probably 
from  the  pin  not  being  perfectly  in  line  with  the  crank  shaft. 

Lubrication  of  Crank  Pins. 

In  small  engines  the  necessary  lubrica- 
tion is  obtained  from  an  oil  cup  in  the 
connecting  rod  end  (fig.  185). 

An  arrangement  for  oiling  the  crank 
pin  whilst  the  engine  is  running  is  shown 
in  fig.  186.  The  oil  cup  is  supported  on 
the  guard  rail  of  the  engine.  The  oil  from 
the  cup  runs  down  a  tube  into  a  hollow 
ring  at  the  end  of  a  tube  fixed  into  the 
crank  pin.  This  hollow  ring  receives  the 
oil  which  by  centrifr^al  force  makes  its  ^^-  ^^^• 

way  through  the  holes  in  the  crank  pin^  and  thus  suppHes  the  pin 


Fig.  186. 
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and  connecting  rod  end  with  oil.    Two  other  methods  of  lubricating* 
with  special  grease  are  shown  in  figs.  187, 188,  one  with  the  "StauflFer" 


Fig  187. 


Fig.  188. 


grease  cup.    The  cap  of  thie  cup  is  screwed  down  by  hand,  and 

forces  the  grease  along  the  tube  to  the  pin. 

Another  method  much  used  in  large  engines  is 
shown  in  fig.  189.  The  oil  cup,  C,  is  supported 
on  a  wrought-iron  standard  carried  up  from  the 
main  bearing  pedestal,  so  as  to  stand  just  over 
the  crank  pin  when  at  the  highest  position.  A 
cotton  wick  is  provided  in  the  cup,  and  is 
allowed  to  project  through  the  bottom  of  the 
cup  far  enough  to  be  wiped  by  the  lip,  L,  in  the 
cup  R,  fixed  to  the  connecting  rod  end,  B ;  at 
every  revolution  of  the  crank  a  small  quantity 
of  oil  is  wiped  off  by  the  Hp,  and  falls  down  the 
oil  hole  to  the  crank  pin,  P.  This  method 
answers  very  well  with  engines  running  at 
ordinary  speed,  is  very  simple  and  inexpensive, 
and  easily  kept  clean,  there  being  no  long  pipes 
Fig.  189.  through  which  the  oil   must  pass,  and  which 

frequently  get  stopped  up  with  gummy  matter  and  dirt  . 


Slotted  or  Machined-out  Cranks. 

Formerly  these  were  forged  solid  out  of  wrought  iron,  and 
then  the  dip  drilled  and  slotted  out ;  now  they  are  usually 
made  of  mild  steel,  and  machined  out  to  the  required  form  and 
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dimensions.    Small  cranks  are  occasionally  cast  to  form  from  a 
pattern  in  steel.* 

Pig.  190. 


4|j™_k42 


Pig.  191 

Let  P  =s  the  pressure  on  the  crank  pin  in  lbs. 
G  =  the  weight  of  the  fly-wheel  in  lbs. 


Fig.  19a. 


(a.)  Single  Crank  Shaft  as  in  the  above  figs.  190, 193. 

The  maximum  supported  pressure  is  first  to  be  calculated. 
In  figs.  190, 191— 

A,  =  -Aj_ =|  +  G^       .        .(3) 

In  figs.  192, 193— 


P   "+a(L+o 

A.=         '      T.    =f +  0  +  G 


(4) 


For  calculating  the  crank  cheeks  or  dips,  S,  imagine  the  right- 
hand  cheek  as  rigidly  fixed  ;  then  in  figs.  190, 191 — 


-Mk-')- 


Pc 


(5) 
(6) 


*  There  is  some  risk  of  confusion  in  speaking  of  "mild  steel/'  "cast 
steel,"  and  **  steel  castings,"  or  "cast  in  steel."  Generally  speaking  "mild 
steel "  means  such  steels  as  are  worked  up  frdm  open  hearth  or  Bessemej 
ingots  into  bars,  plates,  angles,  &c.  Such  steel  is  not  supposed  to  harden 
perceptibly  when  heated  and  quenched  in  cold  water.  "Cast  steel"  is  a 
somewhat  yague  term,  but  may  be  generally  taken  to  mean  steel  worked  up 
from  ingots  made  from  melted  shear  steel,  and  is  usually  highly  carbonized, 
and  capable  of  being  hardened  in  the  ordinary  way.  One  kind  of  this  steel  is 
known  as  tool  steel.  "Cast  in  steel"  or  "steel  castings"  means  that  the 
object  is  actually  cast  in  form  from  melted  steel  poured  into  a  mould.  Steel 
castings  of  the  very  best  quality  are  often  adyertised  as  "crucible  steel," 
meaning  obyiously  that  the  steel  is  melted  in  crucibles,  and  poured  from  them 
into  the  mould.  Other  more  direct  processes  ih^^  this  are  used  for  largo 
steel  castings. 
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When  turned  90**— 


i)-  Pc 


(7) 
(8) 


To  calculate  the  cross  section,  that  value  is  to  be  introduced 
which,  according  to  equations  I.  or  II.,  gives  the  (M*),. 

Jm.  =  A,|l (9) 


For  the  pin  Z  ttdce 


(M,  =  0. 


At  talebearing  A,  1^=^* 


(10) 
(11) 


M»  and  M^  may  be  combined  into  the  ideal  bending  moment 
(M«)t  according  to  the  formula  given  on  page  50. 

Example, — Calculation  from  above  formulae  for  the  shaft  of  an 
engine  with  piston  8''  diameter,  and  stroke  llf^,  working  pressure 
75  lbs.  per  square  inch.  The  engine  frame  is  shown  on  page  20, 
fig.  54 


P  =  3306  lbs.,  G  =  880  lbs.,  r  = 


1175 


=  5*875  inches. 


L  =  29*5  inches,  I  =  8-67  inches,  c  =  2*95  inches. 
Ax 


3306  ^  ggQ  8^  ^  JQJ2  i^g 


2 


29-5 


A,  =  ^  +  880  +  880-lfl  =  2792  lbs. 
2  29*0 


Fig.  194. 

JFor  the  crank  cheeks  or  dips — 

yx   (  Mj  =  3306  X  5*875  =  19423  inch-lbs., 

( M,  =  1913  (14*76  +  2-95)  -  3306  x  2*95  =  24110  inch-lbs. ; 
then  (Mj),  =  -625  x  19423  +  -6  x  24126  =  12139  +  14466  = 
26605  inch-lbs. 
The  cross-section  of  the  crank  cheek  =  3'5'''  x  2*4^  =  8*4  sq.  ins. 
the  value  of  the  smallest  cross-section  of  metaL 


26605 
8-4. 


=  3170  inch-lbs.  per  square  inch  nearly. 
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For  the  bearing  A„  figs.  19Ch-193, 

(M*)*  =  -625  X  880  x  8 625  +  -6  x  3306  x  59 
4744  +  11706  =r  16450  inch-lbs. 

Cross-section  =  area  of  2*96  inches  ==  6*83  sq.  ins. 


16450 
6-83 


=5  2406  inch-lbs.  per  square  inch. 
29-5 


For  the  crank  pin,  Z,  M*  =  1913  x  ^^  =  28216  inch-lbs. 

2 

Cross-section  =  area  of  3*14  =  7*74 


28216 

7-74 


=  3644  inch-lbs.  per  square  inch. 


(b.)  Double  Crank  Shafts. 

Also  here  the  first  point  to  be  determined  is  the  pressure  on  the 
bearings ;  for  simple  calculation  the  pressure  on  the  two  pistons 
may  be  taken  as  equal. 


Fig.  195. 


Fig.  197. 

-— Z .:    rfi 


Fig.  196.  Fig.  198, 

In  figs.  195, 196, 

j,^^E^jtU^±A±^  =  T  +  Q^    .     .     .(12) 

In  figs.  197, 198, 

The  twisting  and  bending  moments  for  the  cheeks,  S,  crank  pin, 
Zg.and  bearing,  Ag,  can  be  determined  by  the  same  method  as  above. 
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A  useful  formula  for  calculating  the  diameter  of  a  crank  shaft  is 

as  follows :  d  —  a  /  -^-  x  c.    Where  N  =  numher  of  revolutions 

per  minute,  c  «  a  constant  based  on  practice.     When  using  the 
somewhat  vague  term  of  "  nominal "  horse-power,  the  -constant  may 

be  taken  as  660 ;  d  =  a/ -=^  x  660.       When    using   indicated 

horse-power,  the  constant  may  be  taken  as  190 ;  d  =  a/  -^  x  190, 
this  will  give  ample  strength  for  mild  steel  shafts. 

Methods  of  oiling  Crank  Pins  of  Bent  and  Slotted- out 
Cranks. — The  usual  method  is  based  on  that  shown  on  page  67 
fig.  185,  where  the  crank  pin  is  oiled  through  the  connecting  rod  end. 
Another  method,  but  certainly  not  so  good,  is  shown  in  fig.  199, 
where  a  hole  is  drilled  in  the  pin  shown  in  dotted 
lines,  and  fed  with  oil  by  a  cup  fixed  to  a  ring 
held  concentric  with  the  shaft.  No  doubt  this 
would  freely  oil  the  pin,  but  the  long  holes  through 
which  the  oil  has  to  travel  are  liable  to  get  choked 
up,  and  may  do  so  without  being  noticed  until 
Fig.  199.         the  pin  runs  hot. 


Connecting  Bods. 

Gf  almost  equal  importance  to  the  crank  shaft  main  bearing  is  the 
connecting  rod  end  which  works  on  the  crank  pin.  The  desire  to 
make  a  perfect  connecting  rod  end  has  led  to  a  large  number  of 


Fig.  200. 


varieties  being  designed,  but  the  general  tendency  has  been  to  settle 
down  into  two  or  three  types,  such  as  the  marine  type  with  bolts, 
the  strap  and  cotter  type,  the  soL'H  end  type,  and  a  few  others  for 
-A I  cases. 
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Tig.  200  shows  an  example  of  connecting  rod  end  fitted  with  bolts, 
and  tl^  seating  faces  of  the  brasses  of  spherical  form  to  allow  of  slight 
aelf-adjnstnient  should  any  part  be  out  of  truth.  The  example  is 
taken  from  a  pumping  engine,  with  a  crank  pin  9*84  inches 
diameter. 


Table  15.— Engine  Crank  Pins  from  Actual  Practice. 

(Kiesselbach.) 


Diam. 
of 

17-7 

Stroke 
in. 

Revs, 
per 
mm. 

d 

ins.- 

ins. 

P 

lbs. 

P 
lbs.  p. 
per.sq. 

in. 

pv 

ftlbs. 
p.  sec. 
&sq.in, 

1381 

Material 

of 
bearings. 

Machinery 
driven  by 
Engine. 

27-6 

66 

4-5 

4-7 

22600 

1113 

Babbit 

Electric  light 

23-6 

43*3 

75 

8-5 

130 

30900 

280 

779 

Qiin  metal 

Roller  mills 

23-6 
35-4 

411 

60 

61 

61 

38200 

1027 

1640 

Babbit 

Flour  mills 

23-6 
39-3 

39-4 

120 

51 

51 

24700 

950 

1537 

Ghin  metal 

BoUer  millR 

26-6. 

25-6 

150 

180 

5-9 

6-3 

28200 

760 

2896 
3475 

Babbit 

Roller  mills 

27-5 

39-4 

100 

6-3 

6-7 

40400 

957 

2631 

Babbit 

Roller  mills 

31-5 

47-2 

80 

71 

8-6 

41900 

686 

1700 

Gun  metal 

Roller  mills 

36-4 

531 

80 

7-9 

9-8 

65300 

861 

2374 

Gun  metal 

Roller  mills 

49-2 

49-2 

80 
90 

9-8 

110 

127800 

1186 

4057 
4567 

Babbit 

Roller  mills 
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Connecting  Bod  Ends. 


Figs.  205  and  206. 


Figs.  207  and  208. 


Figs.  209  and  210.    • 


Figs.  211  and  212. 
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Figs.  201,  203,  205  and  211  show  varieties  of  the  connecting  rod 
ends  known  as  the  "strap,  gib  and  cottar"  or  "  butt"  end,  a  form  much 
used  on  locomotives  and  other  engines,  it  is  easy  of  adjustment,  and 
occupies  but  little  space.  Figs.  207  and  209  show  two  varieties  of 
that  kind  known  as  tiie  "  solid"  end ;  and  this  form  is  probably  the 
L'ghtest  in  weight  of  all  ordinary  ends,  but  can  only  be  used  with  crank 
pins  on  discs  or  crank  arms.  On  account  of  the  end  being  in  one  piece 
with  the  rod,  it  can  only  be  taken  off  the  pin  by  pulling  outwards.  It 
is  a  very  good  form,  and  very  safe  from  breakdowns  and  other  mishaps. 

With  fig.  203,  when  the  cottar  is  driven  down  to  take  up  wear, 
the  rod  is  lengthened,  that  is,  the  distance  from  centre  to  centre  of 
brasses  in  the  two  ends  is  increased ;  in  fig.  201  the  reverse  is  the 
case ;  in  the  solid  end,  fig.  209,  the  length  is  increased,  and  in  fig.  207 
diminished.  Sometimes  connecting  rods  are  made  with  one  end 
adjusting  in  the  opposite  sense  to  the  other  end,  this  tends  to  keep  the 
rod  nearly  to  the  normal  length. 


Fig.  213. 


Fig.  214. 


Fig.  215. 


-     Fig.  ai6. 


Fig.  213  shows  a  connecting  rod  end  much  used  both  for  small  and 
large  engines ;  it  is  a  good  form  and  cheap  to  make.  There  is  more 
brass  in  the  form  fig.  213  than  in  fig.  215,  and  fig.  215  is  more  used 
in  large  work,  such  as  marine  engines.  In  the  above  two  figs,  the 
"brasses"  are  lined  with  Babbit  metal,  and  may  sometimes  be  of 
cast  iron  or  of  cast  steel,  the  latter  is  used  by  eminent  marine  engine 
builders. 


Figs.  217-219. 


Figs.  220  and  221. 
F 
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Figs.  217  to  221  show  a  variety  of  types  used  for  the  crosshead 
end  of  rod  in  small  engines.  Fig.  218  was  formerly  used  on  pump 
rods,  and  thus  no  doubt  found  its  way  on  to  some  of  the  early  steam 
engines.    It  is  now  very  rarely  used,  at  least  for  connecting  rods. 

I 


Figs.  224  and  225. 

The  crosshead  end  of  a  connecting  rod 
has  often  to  be  made  forked  to  embrace  a 
solid  crosshead.  In  some  cases  the  brasses 
and  adjustment  are  in  the  rod,  as  fig. 
222,  the  pin  being  fixed  in  the  crosshead ; 
in  other  cases  the  brasses  and  adjustment 
are  in  the  crosshead,  and  the  pin  fixed  in 
the  rod,  as  figs.  22^  226.  Two  methods 
of  fixing  the  pin  are  shown,  that  in  fig.  227 
being  by  far  the  best.  The  pin  is  fixed  by 
boring  the  two  sides  of  the  fork  with 
Figs.  226  and  227.  conical  holes  of  different  sizes,  so  that  the 

similar  cones  on  the  pin  may  be  passed  in  from  one  side.  This  method, 
although  good,  is  difficult  to  carry  out  in  practice  as  it  is  almost 
impossible  to  make  both  sides  a  perfect  fit,  and  to  insure  that  the 
sides  of  the  fork  are  not  pulled  in  when  the  nut  on  the  small  end 
of  the  pin  is  tightened  up  (see  fig.  269).  In  fig.  227  the  pin  is 
parallel,  and  one  end,  C,  is  smaller  than  the  other  part,  P,  to  form 
a  shoulder ;  the  larger  end  is  provided  with  a  key,  or  feather,  K, 
and  the  smaller  end  with  a  nut,  N.  The  pin  with  the  feather,  E, 
is  driven  in  tightly,  and  then  the  nut,  N,  screwed  up  hard ;  provided 
that  the  pin  is  well  fitted  in  both  sides  (and  about  this  there  is  no 
difiiculty  as  both  are  parallel),  this  forms  a  good  fixing,  and  experi- 
ence has  shown  that  it  is  easily  drawn  out  and  does  not  work  loose. 
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-w-'^^' 


Figs.  228  and  229. 


Tabli 

!  16.- 

— Dimensions  of  Connecting  Bod  Ends 

(Figs.  228,  229). 

Crank  Fin. 

NoTE.— All  Dimensions  are  given  in  Indies.                     1 
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Fig.  285. 


Table  18.— Dimensions  of  Connecting  Bod  Ends  (Marine 
Type)  (Figs.  236,  236). 


Crank  Pin. 

Note.— All  Dimensions  are  given  in  Indies. 
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Figs.  237  and  288. 

Table  19. — ^Dimensions  of  small  Connecting  Bod  Ends 
(Figs.  237,  238). 


Engines. 

Note.— All  Dimensions  are  given  in  Inches. 
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These  types,  especially  fig.  237,  are  not  much  used  now,  having 
been  superseded  by  those  which  are  capable  of  being  turned  out  by 
machine  work,  with  as  little  hand  work  as  possible. 

Connecting  Bods. 
Wrought-iron  rods  of  round  or  flattened  cross  section.  Figs.  239, 240. 
P  =  pressure  on  piston  in  lbs.  , 

I  =  length  of  rod  in  inches.  f^''^^"^  am^i;: 

d  =  diameter  of  round  rod  in  inches  at  centre  j^^^'  ^^^  'Z 

of  length.  ^^m  %^^\^ 

m  =  constant  for  different  speeds,  see  table  20,   ^*^^  ^^P.t 

then  •  Figs,  ijby  and  240. 

d  =  -0164  Vm.  P.i^. 


Table  20. 

Piston  speed  in  feet  per  minute. 

200 

400 

600 

800 

m 

30 

20 

15 

10 

With  locomotives,  m  may  be  taken  from  10  to  6.     The  diameter  of 
the  rod  at  crosshead  end  is  'Sd,  at  the  crank  end  '9i. 
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The  rod  when  made  of  wrought  iron  is  lUfually  of  round  section, 
but  sometimes  of  the  flat-sided  section  shown  in  fig.  244.  Of  late 
years  cast-steel  rods  of  I  section  are  coming  largely  into  use,  especi- 
ally for  small  engines,  and  also  in  locomotives,  fig.  2.45. 


I,  ]  I. .  r  I 


Figs.  241  and  242. 


Fig.  243. 


Figs.  244  and  245. 


CROSSHEADa 

Conversion  of  round  into  rectangular  cross  section. 
Table  21. 
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h    :     b 

1-5 

1-75 

2 

2-25 

2-5 

b    :     d 

•79 

•76 

•74 

•72 

•7 

h    :     d 

119 

1-33 

1-48 

1-62 

175 

Example. — In  an  engine  P  =  15432  lbs.,  the  length  of  the  rod  1=71 
inches,  the  piston  speed  =  400  feet  per  minute  ;  for  the  round  rod 
d  =■  '0164  V20  X  15432  x  7l'«  =  3^23  inches,  for  a  rectangular  rod 
with  the  proportion  hzb  =  1*75,  from  the  tahle  b  i  d=  '76, 

then  6  =  -76  X  3*23  =  2*45  inches, 
and  ^  =  1^33  X  323  =  4^29 inches. 


CroBsheads. 

These  are  made  in  endless  variety  of  form  and  construction  and 
the  materials  used  are  cast  iron,  wrought  iron  and  cast  steel,  the 
wearing  surface  of  the  guide  blocks  attached  to  the  crossheads  are 
almost  invariably  of  cast  iron.  Formerly  guide  bars  were  often  made 
circular,  turned  steel  bars  being  much  used  on  small  engines,  but  now 
the  bars  are  either  flat  or  bored  out,  both  systems  having  merits  of 
their  own.  Possibly  flat  surfaces  work  with  the  least  friction,  other 
things  being  equal,  but  bored-out  guides  and  turned  crossheads  have 
the  merit  of  being  made  perfectly  true  with  less  diflSculty  than  flat 
surfaces.  The  figures  below  show  a  variety  of  crossheads.  The 
pressure  on  the  guide  surfaces  may  be  from  30  to  45  lbs.  per 
square  inch. 

Figs.  246,  247  are  examples  of  American  practice. 


Fig.  246. 
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Fig.  249. 


Fig.  25a 


Fig.  255. 


Pig.  256. 


7& 


Pig.  2&7. 
G.  Cast  iron. 


Pig.  258. 
S.  Wrought  iion  or  cast  steeL 


Fig.  259. 


CroBshead  Fin. 

The  maximtun  pressure  on  the  surface  of 
the  pin  is  up  to  1400  lbs.  per  square  inch.* 
The  length  of  the  pin  varies  from  two  dia- 
meters down  to  1-3  diameters.  The  cross- 
head  pins  are  lubricated  by  automatic 
means  for  engines  which  have  to  make  long 
runs,  with  an  arrangement  like  that  on 
page  58,  fig.  189,  for  oiling  the  crank  pin. 
See  also  fig.  259. 

There  are  advantages  and  disadvantages  in  some  of  these  types  of 
crossheadB  with  respect  on  the  one  hand  to  the  guide  blocks  or 
sUppers  ;  in  the  old  types  with  two  blocks  and  four  bars,  such  as  those 
shown  in  fig.  267,  page  80,  there  are  a  number  of  parts  and  a  great 
deal  of  labour  in  fittiiig  up  ;  howeyer,  for  a  long  time  such  cross-: 
heads,  blocks,  and  bars  held  their  own  and  were  universally  used ; 
now  following  the  same  lines  of  development  as  in  engine  frames, 
that  is  of  making  the  structure  in  as  few  pieces  as  possible ;  two  bars, 
top  and  bottom,  are  almost  universal,  the  guiding  surfaces  or  bars 
being  in  one  with  the  engine  frame,  and  this  lessens  the  labour 
and  decreases  the  liability  of  error  in  fitting  up. 

In  some  cases,  however,  there  is  only  one  bar  with  the  guide  block 
embracing  it  all  round ;  this  is  common  in  locomotives,  and  has  the 
merit  of  being  easy  of  access.  In  marine  engines  and  in  some  large 
land  engines  the  crosshead  is  simple,  as  in  fig.  250,  and  two  strips 
bolted  to  the  frame  form  the  upper  guide  surfaces  ;  this  is  only  used 
in  land  engines  when  they  run  one  way  continually,  so  that  the  pres- 
sure is  always  on  the  bottom  bar,  and  when  the  engine  is  horizontal 
the  guide  block  can  be  made  to  run  in  a  bath  of  oil,  a  very  effective 
way  of  lubricating. 

•This  is  very  high,  a  good  English  example  giving  only  850  lbs.,  with 
maximTini  boiler  pressure  on  the  piston. 
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Figs.  264  and  265. 


Table  23. — ^Dimensions  of  Cast  Steel  Crossheads  with 
Cast-iron  Slippers  (Figs.  264,  265). 
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All  Dimensions  are  given  in  Inches. 
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r-4^ 


Fig.  2C6. 

Table  24. — ^Dimensions  of  Cast-steel  Crossheads  with  Cast- 
iron  Slippers  (Fig.  266). 
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All  Dimensions  are  given  in  Inches. 
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^^=^ 


Fig.  267. 


Table  25.— Dimensions  of  Crossheads  (Figs.  267, 
plate  Engines^  page  19. 
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All  Dimensions  are  given  in  Inches. 
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Pig.  269. 


Fig.  270. 


The  above  figs,  show  two  metliods  of  fixing  ci^psshead  pins,  another 
method  is  shown  on  page  66,  fig.  226,  under  connecting  rods  with  re- 
marks on  different  ways  of  fixing  pins. 


Table  26.— Dimensions  of  Crossliead  Pins  (Figs.  269,  270). 
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All  Dimensions  are  given  in  Inches. 
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The  length  of  the  main-bearing  journal  and  the 
dimension  x,  depend  in  some  measure  on  the  design 
of  the  engine.  In  the  Table  d  =  diameter,  I  =  length 
of  journals  and  the  upper  figures  are  for  110,  and 
the  lower  for  90  lbs.  working  pressure. 


Fig.  271 


Table  27.— Dimensions  of  Vain  Bearings,  Crank  Pins,  and 
Crosshead  Pins. 
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Cylinder. 

Main  Bearipg. 

Crank  Fin. 

Crosabead  Pin. 

Dimension     • 
of  X. 

D 

dy 

W 

d. 

I. 

d. 

I. 

«=0-9(l,+W 

10 

4i 
.4 

2i 

3i 
3i 

2 
2 

2} 
2} 

9i 

12 

45 

8i 

2} 

3f 

2i 
2i 

3i 
3i 

lOf 

14 

.61 
5i 

9i 

9J 

3 

4i 
4i 

12i 

16 

7 
6 

lOj 
10} 

3f 
31 

4J 
45 

3 
3 

4 
4 

14 

18 

6} 

12 
12 

4i 
3| 

5i 

31 
31 

41 
41 

151 

20 

8i 

13i 
13i 

4J 
4i 

3} 
H 

4f 

I7i 

22 

10 

'81 

14f 
14i 

5i 

4f 

6f 
6f 

4 
4 

5i 
6i 

18| 

All  Dimensions  are  given  in  Inches. 
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Table  28.— Dimensions  of  Piston  Bods,  Main  Bearings, 
Crank  Pins  and  Crosshead  Pins  for  Engines  with  00 
to  110  lbs.  Working  Pressure.  (For  Engine  Frame,  see 
page  30.) 
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All  Dimensions  are  given  in  Inches,  except  those  in  Column  a 
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Piston  Bods.* 

Piston  rods  are  now  almost  always  made  of  either  Bessemer  or  open- 
hearth  steel. 


Both  ends  of  the  piston  rod  can  be  taken  as  fixed,  then  the  diame- 
ter to  resist  crushing  may  be  taken  from  the  formula 
d  =  -0324  VP  L"  where  d  =  diameter  of  rod  in  inches,  P  the  maxi- 
mum pressure  on  the  piston  ra  lbs.,  and  L  the  length  of  the  rod.  A 
more  direct  method  of  determining  the  diameter  of  the  piston  rod  is 
in  proportion  to  the  area  of  the  piston  and  the  maximum  pressure 
thereon. 

Thus  if  A  =  area  of  piston  and  a  =  area  of  piston  rod,  then  for  a 

A 

maximum  boiler  pressure  of  80  lbs.  — -  =  a  or  A  x  '0244  =  a  gives 

a  very  safe  strength  for  the  smallest  part  of  the  rod,  usually  that  part 
of  the  rod  around  the  cottar  hole  at  crosshead  end,  and  as  the  rod  has 
to  be  of  a  somewhat  larger  diameter  in  that  part  which  passes  through 
the  cylinder  cover,  there  is  ample  strength  to  resist  crushing  or 
bending. 

Another  way  is  to  give  sufficient  metal  in  the  smallest  area  of  the 
rod  to  give  a  maximum  stress  of  1}  tons  per  square  inch,  in  some 
cases  the  stress  may  be  as  high  as  2  tons  per  square  inch.  The  staff 
or  main  part  of  the  rod  is  often  made  aboiit  ^"  to  J"  larger  than  the 
largest  diameter  where  it  enters  the  crosshead,  thus  giving  a  small 
shoulder,  this  is  for  allowing  the  rod  to  be  trued  up  after  wear,  with- 
out disturbing  the  part  which  fits  into  the  crosshead. 


Pistons. 

Of  pistons  for  steam  engines  there  are  endless  varieties,  high  speeds 
and  high  pressures  rendering  it  difficult  to  construct  a  perfect  piston, 
and  in  fact  this  difficulty  is  well  shown  by  the  number  of  new  pistons 
that  are  constantly  being  advertised  in  the  technical  journals.     A 
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perfect  piston  should  work  silently,' and  keep  steam  tight  for  a  reason- 
able length  of  time,  and  should  be  as  near  frictionless  as  possible;  the 
number  of  parts  should  be  few,  and  all  bolts  and  nuts  secureii  from 
working  loose.  The  attachment  of  the  piston  to  the  rod  is  a  matter 
of  great  importance,  the  cone  and  nut  shown  in  figs.  273,  276  has 
been  successfully  used  on  small  pistons,  but  it  is  questionable 
whether  a  parallel  rod  with  collar  and  nut  is  not  better  for  very 
large  pistons,  accidents  having  happened  from  the  piston  body  being 
burst  by  gradually  mounting  up  the  cone,  especially  when  the  taper 
of  the  latter  has  been  too  slight ;  a  good  proportion  for  the  cone  is  a 
taper  of  1^  inches  of  diameter  to  one  foot  of  length. 

Figs.  273,  274  show  a  form  of  plain  piston  fitted  with  Ramsbottora 
rings,  figs.  275,  276,  277,  a  good  and  cheap  form  for  small  pistons 
with  one  inside  and  two  outside  rings,  all  of  cast  iron,  fig.  284,  a 
spiral  coil-spring  piston  of  cast  iron,  with  cast-iron  outside  rings. 


Fig.  273. 


Fig.  274. 


Fig.  275. 


Fig.  276. 


Fig.  -277. 
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Fig.  278. 


Fig.  279. 


{^-[^.g§ 


;[-l^-- 


Fig.  280. 


-r^ 


Fig.  281. 


Fig.  282.— Cremer's  Piston  with  spiral  ring. 
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Pig.  283.  Fig.  284. 

.  284.— A  Piston  with  helical  spring  bearing  on  outside  cast-iron  rings 


Fig.  286 
Rg.  286.— Piston  with  two  outside  cast-iron  rings  and  steel  spring  ring,  with  block 
At  Joint    Tliis  is  a  cheap  form  derived  from  an  older  form  of  locomotive  piston,  and 
has  been  much  used  for  portable  engines. 
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Fig.  294. 
Pigs.  291  to  298.— Marine  J*i»tons, 


PISTONS. 


Fig.  297. 


Fig.  298. 


Table  29.— Dimensions  of  Pistons  from  6"  to  16"  Diameter, 
with  Cover  held  on  by  Piston-rod  Nut  (Fig8.  297,  298.) 
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Figs.  308  and  307. 


Fig.  805. 


^^'-■^ 


Fig.  304. 


Figures  304  to  308  show  an  ordinary  set  of  piston  rings  with 
tongue  piece  on  inside  ring,  and  the  outside  ring  cut  so  as  to  prevent 
marking  the  cylinder  and  also  to  prevent  the  leakage  of  steam.  This 
way  of  cutting  the  rings  is  not  usually  considered  necessary,  a 
diagonal  cut  being  generally  suflScient  with  or  without  the  tongue 
pieces.     Table  31  gives  the  dimensions  of  these  rings. 
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Steam  Engine  Cylinders. 


.Fig.  314. 


Fig.  315. 


Fig.  316. 


Fi(;.  317. 


Fig.  318. 


Fig.  319. 


Fig.  323. 


Fig.  324. 


Fig.  825. 


The  above  figures  show  different  designs  for  cylinders  of  horizontal 
engines  with  and  without  steam  jackets. 
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Figs.  827  and  828.— Cylinder  for  double  slide  valve  gear,  with  the  valves  in  two  parts ; 
an  arrangement  which  reduces  the  length  of  the  steam  ports  to  the  shoitest  length 
possib'e  with  slide  valves 


Pigs.  329  and  330.— Cylinder  for  Rider's  valve  gear,  with  the  valves  in  two  parts  to 
.Teduce  length  of  steam  ports. 


Figs.  881  and  882,— Cylinder  for  piston  slide  valve. 
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Fig.  833.— Cylinders  for  triple-expansion  engine,  designed  for  ii!;e  with  frame  shown 
fig.  89,  page  32.    In  this  arrangement  all  the  three  slide  valves  are  easy  of  access. 


Figs.  884  and  335.— Cylinder  for  valve  gear,  with  mushroom  valvea. 


Figs.  336  and  337.— Cylinder  for  valve  gear,  witli  Corliss  valves. 
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Fig.  842.  Fig.  343. 

Figs.  388  and  339.— Cylinder  for  ordinary  simple  slide  valve  gear. 
Figs.  840  and  341.— Cylinder  for  Meyer's  slide  valve  gear. 
Figs.  842  and  343.— Cylinder  for  Rider's  valve  gear. 

In  tbe  above  examples  the  slide  valve  chest  is  shown  shorter  than 
the  cylinder ;  this  arrangement  saves  weight,  but  it  is  often  more 
convenient  to  make  it  the  same  length  as  the  cylinder  and  to  bolt  the 
stuffing  boxes  on. 
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The  thickness  of  the  cylinder  walls  in  small  or  medium  sized 
engines  has  been  determined  from  practice  more  than  from  calcula- 
tion, and  ranges  from  f  in  small  cylinders  up  to  9"  bore ;  beyond  that 
size  an  approximate  formula  is  *  =  thickness  of  walls  in  inches  ^  75 

+  -=—,  where  D  =  bore  of  cylinder  in  inches ;  this  formula  gives  the 

thickness  rather  high  for  small  cylinders.  The  thickness  of  the 
cylinder  covers  has  also  been  determined  by  practice  and  depends  on 
the  steam  pressure  and  also  on  the  construction  of  the  cover, 
whether  strengthened  by  ribs  for  the  larger  cylinders  or  plain 
for  the  smaller  ones.  The  thickness  of  the  cover  at  the  bolt  circle 
is  often  made  a  little  less  than  that  of  the  cylinder  flange  ; 
the  thickness  of  the  flange  being  about  1*25  times  the  thickness 
of  the  cylinder  walls.  The  bolts  for  holding  the  cover  on  must 
be  spaced  according  to  the  load  on  the  cover,  the  strain  on  the  bolts 
being  about  2  tons  per  square  inch  of  section  at  bottom  of  thread ; 
(see  table  151,  page  411,  which  gives  the  areas  at  bottom  of  thread 
of  the  usual  sizes  of  bolts),  but  it  should  be  remembered  that  bolts 
smaller  than  f  diameter  may  be  overstrained  by  tightening  up  with 
an  ordinary  spanner  and  seriously  injured  before  any  pressure  or 
working  stress  comes  upon  them. 

The  bosses  on  the  ends  of  the  cylinder  for  attachment  of  the  In- 
dicator cocks  are  tapped  with  f''  Whitworth  thread,  and  fitted  with 
screw  plugs  often  made  of  iron,  but  if  not  occasionally  removed  are 
apt  to  rust  in  and  must  be  drilled  out ;  they  should  therefore  be  of 
brass.  The  steam  ports  should  be  sufficiently  large  to  admit  the 
steam  at  a  maximum  velocity  of  100  feet  per  second ;  as  in  some  valve 
gears  the  port  is  not  opened  to  its  full  width  to  steam,  care  should  be 
taken  in  calculating  the  speed  of  the  entering  steam  to  reckon  only 
for  the  opening  of  the  port  to  steam  up  to  the  edge  of  the  valve. 
If  the  steam  is  cut  off  early  when  the  engine  is  running  on  full  load 
it  is  obvious  that  the  ports  need  not  be  so  large  as  for  the  later  cut 
off,  as  the  piston  speed  is  naturally  less  near  the  beginning  than 
towards  the  middle  of  the  stroke. 

The  length  of  the  port,  i.e,  the  dimension  measured  at  right  angles 
to  the  length  of  the  cylinder,  depends  on  the  design  of  the  cylinder, 
and  this  being  determined,  the  other  dimension  is  readily  calculated 
from  the  area. 

In  cylinder  construction  it  is  important  to  arrange  bosses  for 
connection  of  all  pipes  required,  and  specially  to  arrange  for 
efficient  means  of  draining  and  lubricating  the  cylinder  barrel,  for 
admitting  steam  to  the  jacket  and  draining  the  same  in  an  efficient 
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manner.    Other  important  points  are  the  means  for  neatly  clothing 
the  cylinder  with  some  non-conducting  medium. 

It  may  be  again  mentioned  here  that  in  order  to  save  multiplica- 
tions of  patterns,  the  cylinder  as  well  as  other  parts  of  engines  should 
be  designed  symmetrically  about  their  centre  Hues,  so  that  a  cylinder 
by  being  turned  end  for  end  may  be  used  for  either  a  right  or  a  left 
hand  engine. 


Clearance  space  in  Steam  Engine  Cylinders. — A  small 
distance  between  the  piston  at  each  end  of  the  stroke  and  the 
cylinder  covers  is  neces- 
sary in  order  to  prevent 
the  piston  from  coming 
into  contact  with  the 
covers.  This  space,  called 
"clearance,"  should  be  as 
small  as  possible,  but 
cannot  be  reduced  beyond 
a  certain  limit,  as  the 
length  of  the  connecting 
rod  alters  by  wear  and  ad- 
justment ;  therefore  the 
clearance   is  seldom  less  *'^-  3*^* 

than  ^'^  in  small  engines  and  somewhat  more  in  larger  engines.  In 
calculating  the  amount  of  steam  used  in  an  engine  this  space  has  to 
be  added  to  the  volume  swept  by  the  piston  in  its  stroke ;  in  addition 
to  the  clearance  space  at  the  end  of  the  stroke,  there  are  the  steam 
passages,  and  if  a  double  slide  valve  gear,  the  hollow  part  of  the  main 
valve  to  be  taken  in.  Fig.  344  shows  the  clearance  space  and  steam 
passage  shaded  at  the  left  hand  end  of  the  cylinder.  In  this  case  it 
amounts  to  450  cubic  inches,  the  volume  swept  by  the  piston  equals 


7320  cubic  inches 


450  X  100 
7320 


6*1  per  cent,,  so  the  clearance  space 

amounts  to  6*1  per  cent,  of  the  volume  of  the  stroke.    Table  33 
shows  the  clearance  spaces  for  different  varieties  of  ports. 
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Feet  for  Cylinders. 


Fig.  818. 


Fig.  349. 


Fig.  350. 


Table  34.— Dimensions  of  Cylinder  Feet  (Figs.  348—350). 


Engines. 

Note.— All  Dimensions  are  in  Inches. 
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The  expansion  of  the  metal  of  the 
cylinder  due  to  the  difference  in  tempera- 
ture between  the  cylinder  at  atmospheric 
and  working  heat  has  occasionally  been 
allowed  for  by  arranging  the  cylinder  foot 
on  a  sliding  bed,  as  in  fig.  351.  The 
difference  in  length  is  given  in  Table  36. 
It  will  be  seen  that  the  amount  is  small, 
and  usually  no  allowance  need  be  made  for  it, 

Table  35. 


Fig.  851. 


Stroke  of  Engine  in  Inches. 

16 

24 

32 

89 

78 

Amount   of   expansion, 
or  increase  of  length 
— finches         •        •    . 

•0196 

•0315 

•0432 

•0629 

•1377 
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Steam  Jackets. 

The  use  of  steam  jackets  is  now  almost  miiyersally  adopted  in  all 
but  very  small  cheap  engines.  A  well  arranged  steam  jacket  tends 
to  keep  the  steam  dry  in  the  cylinder,  and  slightly  reduces  the 


Rg.  355. 

amount  of  steam  used  per  horse  power.  In  some  cases  the  cylinder 
and  jacket  are  in  one  casting,  but  usually  the  working  barrel  or  liner 
is  separate  from  the  cylinder  body,  and  forced  steam  tight  into  it  by 
a  hydraulic  press.    The  liner  can  be  made  of  harder  iron  than  would 

be  safe,  if  the  whole  were  in 
one  casting.  Figs.  352,  353  show 
methods  of  rendering  the  joint 
between  liner  and  body  tight  by 
means  of  packing.  In  fig.  353,  the 
packing  consists  of  a  copper  ring 
caulked  in,  but  for  small  work  this 
is  quite  unnecessary.  A  good  fit  is 
not  difficult  to  obtain,  and  when  the 
liner  is  either  shrunk  in  by  warming 
the  body,  or  forced  in  cold  by  the 
hydraulic  press,  a  leak  is  of  very 
rare  occurrence. 


Fig.  856. 
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Attachment  of  Cylinders  to  Girder  Frames, 


Fig.  861. 


Fig.  80S. 


Fig.  863. 


Fig.  864. 


Fig  365. 
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ill 


Fig.  366. 


Fig.  807. 


Fig.  368. 


Figs.  361  to  369  show  different  ways  of  bolting  cylinders  on  to 
girder  frames.  Figs.  362,  363, 369  show  the  simplest  and  perhaps  best 
■way  ;  in  fig.  382  the  small  cover  can  be  removed  without  disturbing 
any  other  part,  but  in  fig.  363  the  girder  and  cylinder  must  be  parted 
in  order  to  take  the  cover  off,  and  is  therefore  not  so  convenient  as 
figs.  362  and  369.  In  figs.  364,  366,  the  girder  makes  a  steam  joint 
with  the  cylinder  ;  not  a  good  arrangement. 
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Back  Cylinder  Covers,  with  and  without  Tail  Bod  Guides. 


Fig.  875 


Fig  876. 


Pig.  878 


jpL_  fe^si 


CYLINDER  COVEBS, 


115 


Fig.  373  shows  a  chambered  cover  cast  in  one  piece ;  fig.  374  a 
plain  back  cover.  Fig.  375  a  simple  tail  rod  guide  formed  by  a 
stufiSng  box  and  gland  in  back  cover  and  protected  by  a  covering  of 
iron  pipe,  a  very  neat  arrangement  and  one  that  is  much  used ; 
fig.  376^  the  guide  for  the  tail  rod,  is  the  same  as  in  the  last  figure  ; 
the  rod  is  protected  by  a  pair  of  guard  rails,  an  arrangement  ^hich 
is  neither  so  neat  nor  good  as  the  tube  in  fig.  376.  In  figs.  377,  378 
the  tail  rod  guide  is  more  elaborate,  being  guided  by  a  planed  bar 
and  slipper,  a  more  expensive  arrangement  than  those  of  figs.  375, 
376,  but  more  suitable  for  large  engines.  Figs.  379,  380  show 
furUier  methods  of  guiding  the  tail  rod. 


^-  Kg.  379. 


fig  380 


I  2 
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Stuffing  Boxes  and  Glands  for  Piston  Rods. 

Fig.  885.  Fig.88& 


Fig.  889.  Pig.  890. 

Figs.  385,  386  show  ordinary  simple  stuffing  boxes  and  glands ; 
figs.  389,  390  glands  of  old  fashioned  type  having  the  disadvantage 
of  often  corroding  up  round  the  outside  of  the  stuffing  box  where  the 
cap  goes  over.  Fig.  391  shows  the  very  ingenious  device  of  Mr. 
Yarrow  especially  adapted  for  high  speed  engines. 
The  piston  rod  has  often  given  trouble  in  high 
speed  engines  by  getting  very  hot,  the  reason  being 
that  the  crosshead  guides  and  cylinder  bore  are 
seldom  in  perfect  truth  with  one  another,  so  that 
a  severe  side  strain  is  exerted  by  the  rod  against 
the  gland.  In  Mr.  YarroVs  gland  this  is  ob- 
Ffg  39i:  viatedby  introducing  loose  collars  B,B,  between 
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the  packing  and  the  gland  G ;  these  collars  are  a  good  fit  on  the  rod 

but  free  from  touching  the  sides  of  the  stuffing  box ;  the  gland 

is  bored  larger  than  the  rod  B»  but  is  turned  a  good  fit  in  the  stuffing 

box.  It  wiU  be  seen  in  this 

arrangement  if  the  rod  R 

is  guided  by  the  crosshead 

slightly  out  of  truth  with 

the    cylinder    bore,   the 

loose  collars  will  allow  it 

to  move  in  its  own  path 

freely,  the  elasticity  of  the 

packing  allowing  of  this, 

and  that  no  severe  strain 

can  come  upon  the  gland 

causing  the  rod  to  heat. 

Fig.  392  shows  a  gland 
and  packing  made  by  the 
United  States  Metallic 
Packing  Co.,  Ltd.,  of  Bradford. 


Fig.  892. 


Slide  Valve  Chests  aixd  Covers. 

Slide  valve  chests  and  their  covers 
are  made  of  cast  iron ;  for  calculating 
the  strength  of  the  cover  and  chest 
walls,  they  are  considered  as  plates 
held  fast  round  the  edges  (figs.  393, 
394).  

Thickness  of  walls,  d= -Si.  aJ^     > 
Stress  *  =  0-25  ^  =  for  cast  iron 

6400  lbs.  per  square  inch. 

P  =  press  in  lbs.  per  square  inch. 
h  =  breadth  of  walls. 
I  «=  length. 
Example.— An  engine  with  16f^  diameter  of  piston  27 J^ 
88*2  lbs.  pressure  of  steam. 
(1.)  For  the  valve  chest  walls, 
.  Z  =  22^^ ;  6  =:  ll'^ ;  A;  =  6400  lbs.  per  square  inch. 


Figs.  393  and  aOi. 


stroke. 


d  =  -6  X  22 


^88-2  X  11 
6400  X  22 


=  -91^  about  I'*'. 
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(2.)  For  the  valve  chest  cover, 

i  =  25^  ;  6  =  IS'^ ;  A;  =  6400  lbs,  per  square  inch 

This  l^^  would  be  the  necessary  thickness  if  the  cover  were  a  plain 
flat  plate  without  stiffening  ribs,  but  as  ribs  are  generally  used,  except 
in  the  case  of  very  small  covers,  the  thickness  may  be  reduced  in 
proportion  to  the  depth  and  number  of  ribs.  In  small  engines  the 
valve  chest  is  cast  in  one  with  the  cylinder,  but  with  very  large 
engines  it  is  often  cast  separate  and  bolted  on. 

Valve  CQiest  Covers. 

Valve  chests  have  either  internal 
flanges  as  figs.  395  and  402,  or 
external  flanges  as  figs.  396  to  401 ; 
the  stiffening  ribs  are  usually  on 
the  outside  as  figs.  396,  402. 

The  design  shown  in  fig.  402, 
where  the  valve  chest  is  finished 
off  with  a  bold  curve,  is  one  that 
has  been  largely  used  on  portable 
engines,  and  gives  an  exceedingly 
neat  appearance  ;  but  it  is  not  easy 
to  clothe  a  valve  chest  with  Is^ging 
when  the  comers  are  round,  as 
when  the  comers  are  square  and 
a  small  extemal  flange  cast  on  the 
chest  to  receive  the  lagging  screws. 
Figs.  895— 398.         .        The  covcr  when  ribbed  as  in  fig. 

402,  is  often  filled  up  with  non-conducting  material  and  neatly 

covered  over  with  sheet  iron  or  steeL 


Figs.  899—401. 
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Fig.  403. 


Fig.  404 


Table  40.— Dimensions  of  Valve  CQiests  of  Single  Slide 
Valves  (Figs.  403,  404). 
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All  Dimensions  are  given  in  Inches. 


Fig.  405. 


Fig.  406. 


Figs.  405,  406  show  two  sections  of  a  slide  valve  chest  of  ordinary 
conBtruction  with  raised  port  face. 
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Fig.  411. 

Table  42.— Dimensions  of  Valve  Chests  for  Sider's  Slide 
Valves  (Figs.  411,  412). 
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AH  Dimensions  are  given  in  Inches. 


Fig.  412. 
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Fly-wheels. 

The  fly-wheel  of  an  engine  may  be  looked  upon  as  a  speed  regu- 
lator, especially  for  reducing  those  irregularities  which  occur  in  the 
engine  itself  when  passing  the  centres  ;  the  fly-wheel  also  serves  to 
soften  down  the  irregularities,  proceeding  from  external  causes,  such 
as  sadden  variations  in  the  load,  and  thus  assists  the  governor,  whose 
special  duty  is  to  control*  the  speed  of  the  engine  when  under  a  vary- 
ino  load. 


Fig.  418. 


Fig.  414. 


Fig.  415. 


Fig  416. 


The  above  figs,  show  examples  of  fly-wheels  :  fig.  414  is  the  most 
usnal  method  of  making  a  fly-wheel  in  halves;  fig.  416  shows  a  built- 
up  wheel  with  wrought-iron  arms,  figs.  420  and  431,  on  page  126 
show  respectively  the  section  of  rim  and  boss  of  such  a  wheel 
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Yariotis  rules  can  be  given  for  the  weight  of  fly-wheels,  but  it 
should  always  be  remembered  that  where  very  steady  running 
is  required  the  fly-wheel  should  be  heavier  than  most  formulae  give, 
especially  if  the  engine  is  used,  as  is  often  the  case,  with  electric 
lighting  to  drive  one  machine  direct ;  this  is  perhaps  the  severest 
test  of  steady  running  that  can  be  given.  Where  a  number  of 
machines  are  driven  from  an  engine  by  means  of  shafting,  steady 
running  is  not  nearly  so  difficult  of  attainment,  on  account  of  the 
steadying  power  of  the  shafting  pulleys,  belting,  &c. 

Engines  working  with  a  high  rate  of  expansion  require  heavy  fly- 
wheels on  account  of  the  internal  irregularities  being  greater  than 
when  steam  is  admitted  for  more  than  half  the  stroke. 


Figs.  4ir,  418, 


419, 


420, 


4n, 


422. 


Figs.    428, 


Sections  of  rims,  arms,  and  bosses  of  fly-wheels,  figs.  417,  418,  419, 
are  ordinary  sections  of  rims  and  arms ;  fig.  430,*an  ordinary  fiy- wheel 
boss  ill  halves  :  other  figs,  show  special  examples. 
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Let  ^  =  the  effective  horse  power  of  the  engme. 
»  =  the  number  of  revs,  per  minute, 
r  =  the  crank  radius  in  inches. 
I  =  the  length  of  the  connecting  rod  in  inches. 

J  =  the  ratio  of  crank  radius  to  length  of  connecting  rod. 

•    G  =  the  weight  of  the  fly-wheel  rim  in  lbs. 
R  =:  the  mean  radius  of  the  fly-wheel  rim  in  feet. 
V  =  the  mean  speed  of  the  rim  in  feet  per  second. 
1  ^  rmax.-t.inin.  ^  ^^^  extent  of  irregularity. 

O  V 

d  =  regularity. 
Values  of  d—^ 

Fpr  ordinary  steam  engines  5  =  40  to  60. 

For  engines  driving  spinning  machinery )  ^  —  rq  ^o  100 

or  for  electric  lighting,  J 

For  a  single  cylinder  engine, 

G  =  100t4^andd=-^^ 
v^n  100^N 

The  coefficient  i  is  dependent  on  the  rate  of  expansion  and  may  be 
taken  from  the  table  where  the  values  of  i  are  given  for  -j^  =  ^  to  ^ 

V 

and  the  clearance  space  s  i=  from  2  to  7  per  cent,  of  the  stroke,  and 

p  =  absolute  initial  pressure,  w  =  absolute  ^  pressure  of  release,  then 
P 
« total  expansion,  and  h  =  the  cut  oE 


Table  43. 

—Values  of  t 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

h 

1 

•5 
1610 

•33 

•25 

•20 

•15 

•10 

•08 

•06 

% 

1265 

1840 

2070 

2185 

2300 

2415 

2530 

2645 

Example. — ^For  an  engine  with  piston  15  j"^  diameter,  27^^^  stroke, 
86  revolutions  per  minute,  55  effective  HP,  -^  =  J,  R  =  5'  3^ 


85  X  23r  X  5-25 


60 
G  =  100  X  2185 


46*5  feet  per  second ;  /i  =  ^17,  d  =  50. 


50  X  55 
(46.5)«  X  85" 


•  3270  lbs. 


128  DETAILS  OF  STEAM  ENGINES. 

The  total  weight  of  the  fly-wheel,  including  the  arms  and  boss,  is 
about  1*35  times  that  of  the  rim. 

For  double -cylinder  or  compound  engines,  the  weight  of  the 
wheel  may  be  somewhat  less  if  the  cranks  are  at  right  angles. 

Q  =  30  i  -^-1-  where  N  =  the  total  effective  HP  of  the  endine  and 
v* »  •  . 

the  value  of  d  for  such  engines  being  rather  greater  than  70. 

Let  Qs  =  the  weight  in  lbs.  of  a  segment  whose  length  is  Z,  then 

C  =  -^.=5-  =  the  centrifugal  force. 

The  piece  l,  fig.  432,  may  be  taken  as  a  beam  with  an  equally  dis- 
tributed load  and  fixed  at  the  two  ends  ;  the  centrifugal  force  acting 
outwards  will  then  be  the  sum  of  these  equal  loads.    In  order  to 


Fig.  4S2.  Fig.  433. 


increase  the  strength  of  the  joint  in  the  rim  when  the  fly-wheels  are 
made  in  halves  a  wrought  iron  ring,  a,  fig.  433,  is  shrunk  on  over 
lugs  cas$  on  the  rim ;  (the  joint  in  fig.  433  is  of  unusual  construction, 
see  those  shown  in  figs.  438,  440).  The  stress  S^  on  the  rim  in  lbs. 
per  square  inch  of  section  may  be  calculated  by  the  formula, 
Si  =  '144  v',  where  v  is  in  feet  per  second ;  this  includes  the  bending 
strain  on  the  armsl  The  total  stress  on  the  cross  section,  c — (2,  fig.  433, 
is  /  X  Si,  where  /  is  the  cross  section  in  square  inches.  If  g  is  the 
cross  section  of  the  two  rings  taken  together  and  q^  the  cross  section, 
of  the  bolts  or  dowells  according  to  which  plan  of  construction  is 

adopted,  then  the  stress  in  rings  and  bdts  is  S  =    -^  ^    . 

The  arms  are  exposed  to  a  tearing  stress  from  the  centrifugal  force, 
and  to  a  bending  stress  from  the  variations  of  the  force  communicated 
to  the  wheel ;  the  stress  may  be  for  cast  iron,  1300  lbs.  per  square 
inch,  for  wrought  iron,  5000  lbs.  per  square  inch. 

The  maximum  safe  velocity  for  the  periphery  of  a  cast  iron  fly- 
wheel is  usually  taken  as  80  feet  per  second,  and  care  must  be  taken 
that  when  the  fly-wheel  is  in  halves,  that  the  joints  are  sufficiently 
strong  to  resist  bursting,  and  if  not  made  in  halves  the  boss  should 
be  split  to  allow  of  contraction  in  cooling,  a  hoop  being  shrunk 
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on  after  the  wheel  is      j^ 
cool.^  "^v-l 

Fly-wheels  are  often 
used  as  pulleys  for 
driving  machinery  by 
means  of  belts ;  the  rim 
is  then  turned  slightly 
arched,  or  if  ropes  are 
used,  the  rim  is  grooved, 
as  shown  in  fig.  434.  Fig.  484. 

Table  44. — Dimensions  of  Grooves  for  Hope  Pulleys  (Fig.4d4)i 
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All  Dimensions  are  given  in  Inches. 

Table  45.— Dimensions  and  Particulars  of  Bope  Drives. 


Circumference  of  ropes   . 

2} 

3 
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5i 

6 

6i 

Diameter  of  ropes       .        .    . 
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li 
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If 

2 

Weight  in  lbs.  per  foot,  Hemp 

•37 

•46 

•56 

•66 

1-00 

1-37 1-62 

„         „           „        Cotton 

•27 

•30 

•39 

•59 

•87 

1^171-50 

f  Diameter  of  smallest  pulley  . 

18 

24 

30 

36 

46 

60 

66 

Pitch  of  grooves      . 

IS 

H 

If 

2 

2* 

2} 

3 

Indicated  HP  transmitted  by  \ 
one    rope    for  the    above 
pulleys  at  100  revolutions  l 
per  minute                         , 

For  ropes  running  horizonal  or  nearly  so 

2 

3 

6 

12 

20 

28 

36 

For  ropes  runnii 

ig  vertical  or  nearly  so. 

1 

2 

4 

8 

14 

20 

26 

All  Dimensions  are  given  in  Inches. 

•  A  fly-wheel,  20  feet  diameter,  running  at  70  revolutions  per  minute,  burst,  and  the 
pieces  were  carried  to  great  distances— the  speed  in  this  case  being  about  70  feet  per 
second.— Engineer,  Oct.  7th,  1892.  ,      ^     ,  .^  ^  x  .    ^    *      *  *«  „-- 

t  By  "  diameter  of  smaUest  pulley, '  it  is  to  be  understood  that  it  le  best  not  to  use 
fmaller  pnlleys,  except  in  cases  of  emergency. 
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An  American  practice  for  fly- 
wheels is  to  bore  out  the  boss 
exactly  to  the  size  of  the  shaft,  and 
then  machine  or  slot  out  a  clear- 
ance, as  shown  to  the  left  of  the 
figure  441,  two  keys  being  fitted 
and  driven  home.  The  wheel  is 
thus  pulled  hard  over  on  to  the  true 
part  of  the  original  bore. 

Throttle  Valves. 


Fig. 

442. 

Table  47 

—Dimensions  of  Throttle  Valves. 
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•SECTION    III. 
OOVEBNOBS. 

Steam-engine  governors  have  been  greatly  elaborated  since  the 
time  of  James  Watt's  simple  conical  pendulum  governor,  and  new 
varieties  have  been  introduced.  Governors  may  be  roughly  divided 
into  two  main  types,  those  in  which  some  form  of  revolving 
pendulum  is  the  basis,  and  those  in  which  the  centrifugal  force  of 
weights  cairied  on  levers  is  balanced  against  a  spring  ;  the  former 
with  a  few  exceptions  revolve  on  vertical  spindles,  the  latter  are 
usually  keyed  direct  on  the  engine  crank  shaft,  and  are  sometimes 
called  "  crank  shaft "  governors.  These  latter  also  act  directly,  in 
some  cases,  on  the  valve  eccentric  and  govern  the  engine  by  altering 
the  degree  of  expansion  ;  the  former  at  the  present  time  are  seldom 
used  to  control  the  engine  by  means  of  a  throttle  valve,  as  in  the 
earliest  engines,  but  are  connected  indirectly  to  the  valve  gear  and 
control  the  engine  by  altering  the  degree  of  expansion.  There  are 
further  sub-divisions  into  which  governors  may  be  divided,  such  as 
static,  pseudo-astatic,  and  astatic. 

The  simple  ball  governor  of  Watt  is  an  example  ot  the  static 
governor,  and  each  different  speed  of  revolution  corresponds  to  a 
definite  position  of  the  balls.  Astatic  governors  are  too  sensitive  to  be 
of  any  use  unless  indirectly  connected  with  the  controlling  mechanism, 
the  slightest  increase  of  speed  of  revolution  causing  the  balls  to  fly 
out  to  their  fullest  limit ;  they  have,  however,  been  used,  when  con- 
nected to  the  controlling  mechanism,  through  the  medium  of  three 
bevel  wheels  and  a  clutch  (fig.  465). 

Pseudo-astatic  governors  approach  nearer  to  the  static  governors 
and  are  much  used  ;  the  cross-armed  governor  of  Mr.  J.  Head  (Hg. 
446)  is  an  example  in  this  kind,  and  any  degree  of  sensitiveness  can 
be  attained  by  suitable  proportions  of  the  arms.  When  these  pen- 
dulum governors  are  combined  with  a  sliding  weight  as  in  Porter's 
governor  (fig.  462),  they  are  then  called  loaded  governors,  and  are 
better  adapted  to  control  an  engine  than  the  simple  governor  of 
Watt. 
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Outlines  of  Different  Types  of  Governors. 

Fig.  443. 

Watt  Porter.          KleyT       ProelL       Hartung. 


Fig.  444 


A\A^ 


Cofliniw.    Buss.       Ericsson.    GopeL     Ottos.  Gasmot.     Girard. 


Fig.  445. 
Cross-armed. 


Fig.  448. 
Hartuell. 


Figs.  443—445  show  varieties  of  loaded  and  unloaded  ball 
governors  without  springs  ;  fig.  446,  one  of  Hartnell's  loaded  centri- 
fugal governors  (with  spring)  on  a  vertical  spindle  ;  figs.  447,  448  two 
examples  of  crank-^aft  governors. 
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Kgs.  449-451.  Figs.  452,  453,  454.  Figs.  455—457. 

Varieties  of  Governors  of  the  Pendulum  and  Loaded  Pendulum  Types. 


Fig.  449.— Watt. 
Fig.  450.— Tangye. 
Fig.  451.— Proell, 


Fig.  452.— Porter. 
Fig.  453.— Buss. 
Fig.  454.— Proell. 


Fig.  455.— Crossann. 

loaded. 
Fig.  456.— Cosine. 
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The  formulae  given  below  serve  to  show  the  action  of  pendulum 
governors  and  to  calculate  the  proportions  for  any  given  normal 
speed. 

Let  P  =  the  weight  in  lbs.  of  one  ball  plus  one  half  the  weight  of 
the  rod  to  which  it  is  attached. 
Q  =s  the  weight  in  lbs.  of  the  sliding  weight  plus  half  the 

weight  of  the  rod. 
R  =  the  resistance  offered  by  the  throttle  valve  or  expansion 
gear  actuated  by  the  governor  together  with  the  resist- 
ance of  the  governor  itself. 
»i,  n,  rill,  =>=  the  greatest,  normal  and  least  number  of  revolu- 
tions per  minute  of  the  govemoi:. 
Pv  A  i^ii)  =  ^^^  greatest,  normal  and  least  angle  between  the 
rods  and  the  spindle. 

i-  =  the  irregularity  of  the  fly-wheel  speed. 

1  _  ^1  ^  ^11  the  irregularity  of  the  speed  of  the  engine  and 
o  n 

consequently  also  of  the  governor ;  —  =  about  '9  -^ . 

S  =  the  distance  in  inches  which  the  sliding  weight  moves  up 
and  down. 

An  ordinary  approximate  formula  for  calculating  the  height  of 
cone  of  revolving  pendulum  governor  for  any  number  of  revolutions 

per  minute  N,  's  ;    N  =  — -— -  and  L=  f    .^    J    where  L  =  hdght 

of  cone  in  inches  measured  from  plane  of  rotation  of  the  centre  of  the 
balls  to  the  point  where  the  centre  lines  of  the  arms  carrying  the 
balls  cross  on  the  centre  line  of  spindle.  For  a  loaded  governor  the 
height  of  the  cone  is  increased  for  a  given  speed  in  the  ratio 
2P  +  2Q  :  2P  ;  where  P  =  weight  of  one  ball  and  half  the  arm  in 
lbs.,  and  Q  the  load  or  sliding  weight  and  half  arm  in  Iba 

d  =  diameter  in  inches  of  the  balls.  For  the  normal  speed  ti,  E  is 
taken  to  equal  0  in  the  equations. 

Watt's  governor,  fig.  458. 


^2         2936 


.p\         VaJ'  b        Pa  +  Q6' 


a  cos. 

Dimensions  in  feet ;    the  constant  2936,  in  from     /^  where 
g  =  32-2. 
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The  following  proportions  will  be  found  to  give  good  results — 

.  =  0  to  4,  -^  =  -6,  S  =»  -126,  /3 
a 

For  Porter's  governor,  fig.  459. 


Q  =  0  to  4,  1  =  -6,  S  -  -126,  /3  =  25^,  1  =  '03. 
IT  a  o 


^~p 


n^  =  2936  a  COS.  i3  +  e  cot.  /S 
1  _      R 


,  dimensions  in  feet. 


Fig.  458. 


Fig.  101'. 


Table  48  gives  the  leading  dimensions  for  a  few  examples  of 
Porter's  governor. 

Table  48. 


n  = 

160 

140 

180 

120 

no 

100 

90 

a  = 

8| 

10| 

12 

l^ 

18| 

20- 

24 

e  = 

i 

1 

n 

If 

If 

2 

n 

8  = 

n 

H 

2 

2f 

2| 

H 

H 

d  = 

H 

4i 

H 

6 

6f 

H 

8 

All  Dimensions  are  given  in  Inches. 


138 


GOVERNORS. 


Kley's  governor  (astatic),  fig.  460. 
2936 


w»  = 


1 


a  COS.  ^  —  e  cot.  fi 


0-S) 


d        Pa  +  Q6 
ProelFs  governor  (pseudo-astatic),  fig.  461. 


n'*  =  2936 
1  ^ 


-  1  +  Q  +  2P+R  X  A  X  i*'-^-^ 

P a        sin.  ^ 

a  cos.  ^  +  e  cot.  ^ 

R 


dimensions  in  feet. 


-P«  X-551Z  +  Q  +  2P 
6       sin.  fi 


Fig.  460 


Fig.  461 


Table  49.  -Leading  Dimensions  of  Eley's  Governor 

(Fig.  460). 


?-  =  -7  to  -5. 


-^  =  about  4. 
/3  =  30^ 


n  = 

110 

100 

90 

85 

80 

75 

70 

a  = 

13a 

155 

18 

21| 

25| 

30 

36 

e  = 

i 

1 

li 

n 

If 

2 

n 

s  = 

n 

2§ 

2| 

3f 

4 

4i 

5* 

d  = 

4f 

58 

6 

7i 

8f 

10 

Hi 

All  Dimensions  are  given  in  Inches. 
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Table  50. — Leading  Dimensions  of  Proell's  Governor 
(Fig.  461). 


^  =  about  4. 


/S  =  20". 
y  =  30°. 


n  = 

135 

126 

115 

110 

105 

100 

95 

a  = 

8 

9« 

Hi 

12| 

14f 

16f 

isf 

6  = 

5| 

6| 

7| 

9 

10 

11« 

12f 

e  = 

i 

1 

li 

If 

If 

2 

^ 

s  = 

2 

2i 

2f 

n 

2| 

3 

H 

d  = 

4 

4} 

5f 

6f 

7i 

H 

H 

All  Dimensions  are  given  in  Inches. 


Fig.  162. 


Fig.  463. 
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Fig.  464.  Fig.  465. 

Figs.  462—465  give  examples  of  cross-axuied  governors  on  stands 
with  clutcli  and  bevel- wheel  gear. 


Fig.  466.  Fig.  467.  Fig.  468. 

Figs.  466 — 468  give  examples  of  governors  made  by  the  Laucham- 
mer  Iron  Works  fitted  with  an  oil-brake  or  dash-pot,  with  a  table  of 
dimensions 
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Table  51. — ^lieading:  Dimensions  of  the  Lau'chammei 
Governors  (Figs.  466 — 468). 


Dbitinguisliing  No. 

I. 

II. 

III. 

IV. 

Height  of  stand,  H         .     . 

m 

61 

37| 

42^ 

Dimension  a       .        .        . 

H 

iH 

13 

14f 

„       6           .        .    . 

8t 

15| 

m 

3H 

„       c        .        .        . 

6i 

13 

235 

27i 

„       d          .        .    . 

f 

1 

n 

li 

„        e        .        .        . 

4f 

4i 

H 

9| 

„        i           .        .     . 

45 

4i 

6§ 

7i 

Weight  in  lbs.  complete  as  ) 
shown  in  figures      .      ) 

660 

704 

750 

840 

All  Dimensions  aro  given  in  Inches. 

Fig.  466  is  especially  adapted  for  horizontal  engines ;  fig.  467  for 
vertical  engines ;  fig.  468  a  heavy  type  with  a  spring  enclosed  in  a 
case  in  place  of  the  sliding  weight. 


Fig.  469. 

To  prevent  sudden  and  violent  fluctuations  of  the  governor  an  oil- 
brake  or  "  dash-pot  ^  is  often  added ;  examples  of  dash-pots  applied  to 
governors  are  shown  in  Figs.  469 — 471.  The  cylinder  of  the  dash-pot, 
fig.  469,  is  jointed  to  the  frame  or  stand  of  the  governor,  by  the  pin  i. 
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The  cylinder  is  filled  with  oil  or  glycerine,  and  as  the  piston  is  moved 
tip  or  down,  the  oil  passes  from  the  upper  to  the  lower  side  of  the 
piston  by  a  passage  shown  at  the  side  of  the  cylinder  ;  this  passage 
can  be  more  or  less  throttled  by  the  screw  S,  so  as  to  give  more  or 
less  resistance  to  the  movement  of  the  piston,  and  thus  "  damp  *'  the 
tendency  to  violent  fluctuations  in  the  governor.  The  screw  S  can 
be  adjusted  whilst  the  engine  is  running.  Fig.  471  shows  a  com- 
bination of  dash-pot  with  an  elastic  connection  between  the  governor 
lever  and  piston  rod  of  dash-pot,  a  spiral  spring  being  inserted  as 
shown  at  //,  fig.  471.  This  elastic  connection  assists  the  damping 
action  of  the  dash-pot  and  should  be  conducive  to  very  steady 
running.  In  some  cases  the  dash-pot  is  incorporated  with  the 
governor,  and  enclosed  in  a  neat  case. 


Automatic  Expansion  Governor  by  Wilson  Hartnell 
(Fig.  473). 

This  governor  is  driven  by 
bevel  wheels  and  pulleys  from 
the  crank  shaft  of  the  engine, 
and  consists  essentially  of  a 
vertical  spindle,  S,  carrying  a 
casting,  C ;  two  weights,  W 
W,  on  bell-crank  levers,  L  L, 
are  jointed  on  to  C,  by  meians 
of  pins,  P  P ;  the  inner  ends 
of  the  levers  are  in  contact 
with  the  sleeve  M,  against 
which  the  spring  H  presses ; 
the  lower  part  of  the  sleeve 
M  is  connected  by  means  of 
a  ring  and  rods,  to  the  valve 
rod  V ;  when  the  sleeve  M 
rises,  the  block  in  the  link  Q 
is  raised,  and  thus  a  varying 
stroke  is  given  to  the  valve, 
the  link  Q  being  moved  by 
an  eccentric.  The  centrifugal 
force  of  the  weights  W  W, 
through  the  medium  of  the 
levers  L  L,  tends  to  com- 
Fig.4?5.  press   the  spring    H.      The 
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motion  of  the  diflferent  parts  is  clearly  shown  in  the  fig.  by  the  dotted 
lines. 

This  governor  is  much  used  for  controlling  the  speed  of  engines, 
by  varying  the  cut-oif,  and  is  usually  applied  to  valve  gears  with  two 
valves,  the  main  valve  driven  by  an  eccentric  in  the  usual  way,  the 
cut-off  by  a  separate  eccentric  through  the  medium  of  the  link  on 
the  governor  by  which  the  cut-off  is  varied. 

Crank-Shaft  Governors. 


Fig.  474.  Fig.  475. 

Figs.  474,  475,  show  two  views  of  a  Hartnell  crank-shaft  governor 
for  controlling  the  speed  of  an  engine  by  varying  the  cut-off.  In  the 
above  figures  the  governor  is  shown  in  a  six-armed  wheel  or  pulley  ; 
in  some  cases  the  governor  is  carried  in  the  fly-wheel  itself.  Two 
weights,  W  W,  are  carried  on  two  levers,  A,  turning  on  pins  in 
the  arms  of  the  wheel  ;  the  two  levers  are  connected  together  by  the 
Tod  R  by  means  of  joints  and  pins,  and  when  the  weights  move  out- 
wards by  centrifugal  force  they  tend  to  compress  the  spring  H.  The 
upper  lever,  ^^^,  4tl^^  is  rigidly  fixed  to  its  centre  pin,  and  this  pin 
carries  the  arm  B,  terminating  at  the  lower  end  in  the  sector  S,  so 
that  when  the  weight  W  moves  outwards  or  inwards  the  sector  S 
moves  to  the  right  or  left.  The  sector  is  formed  as  shown  in  the 
cross  section,  fig.  475,  and  engages  in  the  swivel  block  D.  The  block 
P  is  free  to  turn  in  a  recess  formed  to  receive  it,  in  the  arm  of  the 
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eccentric  E,  this  arm  being  centred  on  the  pin  Q.  On  referring  to 
fig.  474  it  will  be  seen  that  the  sector  S  is  not  concentric  with  the 
centre  P,  upon  which  it  swings,  but  its  centre  lies  to  the  right  hand 
of  the  centre  P,  so  that  the  sector  is  inclined,  the  right  hand  end 
being  the  lower.  Now  as  the  sector  swings  on  centre  P  towards  the 
left,  and  in  sliding  through  the  block  D  pushes  the  eccentric  arm  £ 
downwards,  and  as  the  eccentric  itself  is  attached  to  the  arm  E,  its 
centre  will  approach  towards  the  centre  of  the  crank-shaft,  and  thus 
the  stroke  of  the  eccentric  will  be  reduced  and  the  steam  cut  off 
earlier.  In  the  figure  the  line  in  which  the  centre  of  the  eccentric 
approaches  the  centre  of  the  shaft  is  radial,  and  the  governor  is  for 
application  to  a  separate  cut-off  valve  of  the  gridiron  type  working 
on  the  balk  of  the  main  valve.  For  engines  with  only  a  single 
valve,  the  line  in  which  the  centre  of  the  eccentric  approaches  the 
centre  of  the  crank-shaft  is  not  radial  but  parallel  to  radial  line 
such  as  that  in  the  figure,  but  at  a  distance  equal  to  the  lap  and  lead 
&om  the  crank-shaft  centre.  It  will  be  seen  that  one  important 
feature  in  these  crank-shaft  governors,  is  that  they  are  keyed  fast  on 
the  shaft,  and  not  being  driven  by  means  of  belts  or  gear,  can  lead 
to  no  accident  from  belt  slipping  or  gears  breaking  ;  and  if  the  spring 
should  break,  the  weights  would  fly  out  to  their  extreme  limits  and 
diminish  the  supply  of  steam  to  nothing,  so  the  engine  would  slow 
down  until  nearly  stopped.  These  governors  are  extremely  sensitive 
and  well  adapted  for  high  speeds :  with  very  slow  running-engines 
they  become  rather  heavy.  For  calculating  the  springs  the  follow- 
ing simple  formula  is  used  : — 

W  =  weight  in  lbs.  of  one  of  the  weights. 

N  =  normal  speed  in  revolutions  per  minute. 

Ni  =  minimum  speed  in  revolutions  per  minute. 

Na  =  maximum  speed  in  revolutions  per  minute. 

Ng  —  Nj  =  allowed  variation,  upon  the  limit  of  this  variation  the 
sensitiveness  of  the  governor  largely  depends ;  about  3  per 
cent,  under  and  4  per  cent,  over  the  normal  speed  gives 
good  results,  and  the  usual  variations  in  load  of  an  engine 
in  ordinary  working  conditions  will  not  give  nearly  as  much 
variation  in  speed, 

B^  =  the  radios  in  inches  from,  centre  of  shaft  to  centre  of  weight 
when  the  latter  is  nearest  to  the  centre  of  the  shaft  and 
corresponds  to  the  speed  of  N^. 

Ra  =  the  corresponding  radius  to  the  speed  of  Ng. 
L  ==  the  length  m  inches  of  the  lever  carrying  the  weight. 
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I  s  the  length  in  inches  of  the  lever  to  which  the  spring  rod  R 

is  attached, 
r  =  the  distance  through  which  the  spring  is  compressed  by  the 
action  of  the  governor.  • 

Pj^  a  the  load  on  the  spring  in  lbs.  due  to  the  centrifugal  force 

at  the  minimum  speed. 
P,  =s  the  corresponding  load  in  lbs.  due  to  the  maximum  speed. 
The  P,  —  Pi  will  equal  the  difference  of  maximum  and  minimum 

(p    p  V 
-2 1^  2  will  equal  the  load  in  lbs.  per"  inch  of  com- 
pression of  the  spring  as  the  two  weights  act  together  on  the 
spring. 

p       WxRjXNi'xLx  -000028 
•        ^^  " 1 '. ' 

T>       W  X  R*  X  NJ  X  L  X  -000028 
P,  = 1 1.^ . 

Spring-makers  seem  to  be  very  successful  in  making  springs  accurate 
enough  for  such  purposes  as  centrifugal  governors  from  such  data  as 
stiffiiess  per  inch  required,  maximum  load  to  which  the  spring  will 
be  subjected;  external  diameter  and  length  when  uncompressed. 


Fig.  476. 

A  modification  of  Hartnell's  crank  shaft  governor,  has  been  intro- 
duced by  Messrs.  Turner,  of  Ipswich,  shown  in  diagram  in  fig.  476, 
and  in  perspective  in  figs.  477,  478. 

h 
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Referring  tg  fig.  476,  two  weights,  WW,  are  formed  with  tnmed 
bosses,  D  D,  fitted  to  and  free  to  torn  in  holes  in.  the  plates  or  discs 
which  form  the  governor  body,  and  which  are  keyed  on  the  crank 
shaft,  .M,  the  weights  thns  turning  with  the  shaft  and  discs,  and 
having  their  centrifugal  force  balanced  by  the  springs,  S  S ;  the  weights 
are  connected  by  the  eccentric,  E  (shown  in  dotted  lines),  by  means  of 
the  pins,  P  P  ;  the  weights  are  shown  in  fig.  476,  closed  in  full  lines, 
and  open  in  dotted  lines.    It  will  be  seen  that  by  the  weights  open- 


Kg.  477. 


ing  outwards,  the  pins,  P  P,  move  towards  the  left,  and  carry  the 
eccentric  with  them,  the  centre  of  the  eccentric  moving  firom  V  to  V^, 
the  stroke  being  thereby  reduced,  the  result  being  nearly  the  same  as 
in  the  Hartnell  governor,  and  the  action  on  the  vsdve  almost  as  if  the 
variation  in  the  cut-off  were  effected  by  an  ordinary  Stephenson  linTr 
motion. 

In  fig.  477,  the  outside  view  of  the  Tumer-Hftrtnell  governor 
is  shown  with  the  eccentric  rod  attached ;  in  fig.  478,  one  side  disc  is 
removed,  and  the  weights  shown  open. 

The  reference  letters  are,  A,  the  engine  crank  shaft ;  B,  the  valve 
eccentric  rod  ;  C,  the  eccentric  ;  D  D,  -pins  carrying  the  eccentric, 
and  passing  through  the  bosses  of  the  weights  ;^  H  H,  the  weights  ; 
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Pi  bolts  with  collars  and  nuts,  forming  stanchions  or  pillars  for  hold- 
ing the  discs  together. 


Fig.  478. 

Another  variety  of  crank  shaft  governor,  is  that  of  Mr.  Moore, 
made  by  Messrs.  Marshall,  of  Gainsborough.  Figs.  479—482,  show 
the  different  parts,  and  the  governor  consists  of  a  heavy  loose  rim,  A, 
attached  to  the  shaft  through  an  elastic  arrangement  of  links  carrying 
the  weights ;  C  C,  are  the  weights  turning  on  centres  attached  to  the 
rim ;  D  D,  the  springs ;  B  B,  links  connected  at  one  end  to  the 
weights  and  at  the  other  to  the  points,  H  H,  on  the  tripod  G,  fig. 
482  ;■  the  arm  of  the  eccentric,  E,  fig.  481,  is  centred  on  the  single 
end  of  G,  fig.  482,  at  I ;  the  link  F  connects  the  eccentric  E  to  tne 
rim  A. 

The  rim  A  revolves  with -the  shaft,  but  is  capable  of  running 
round  the  shaft  to  a  small  extent,  defined  by  the  limit  of  extension 
and  contraction  of  the  link  centres,  that  is,  by  the  extent  to  which  the 
weights  will  open  out,  which  can  be  regulated  by  stops  on  the  back 
of  the  weights. 

In  connection  with  the  loose  rim  is  a  variable  expansion  eccentric, 
shifting  with  the  rim  and  increasing  or  decreasing  the  stroke  of  the 
eccentric  and  valve,  and  thus  varying  the  cut-off.  The  action  of  this 
governor  is  peculiar,  and  may  be  explained  as  follows: — The  inertia 
of  the  rim  assists  the  weights  to  rise  ;  the  momentum  of  the  rim,  by 

L  2 
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Btiaightening  out  the  link  and  weight  when  the  speed,  of  the  shaft 
diminishes,  assists  the  weights  to  fall. 

When  the  governor  is  expanding  (rising),  with  an  increasing  speed, 
the  shaft  acts  against  the  rim,  through  the  link  and  weight,  as  shown 
by  the  arrow.  When  the  governor  is  closing  (falling)  with  a 
diminishing  speed,  the  rim  acts  against  it,  tending  to  pull  it  forward, 
straightening  out  the  link  and  weight.  The  weights  are  maintained 
in  a  larger  plane  of  revolution,  so  to  speak,  than  that  due  to  centri- 
fugal force,  by  the  governor  acting  against  the  inertia  of  the  rim 
when  nsing,  i.«.,  speed  increasing.  The  weights  are  maintained  in  a 
smaller  plane  of  revolution  than  that  due  to  centrifugal  force  by  the 
momentum  of  the  rim  acting  against  the  governor^  tending  to  pull 
it  forward  when  closing,  i,e,,  speed  decreasing. 

The  governor  has  a  tendency  to  go  too  far  both  ways,  either  up  or 
down^  whenever  there  la  the  slightest  variation  above  or  below  the 
normal  speed,  this  tendency  is  checked  by  the  work  done  by  the 
governor  in  shifting  the  eccentric  and  valve.  From  the  assistance 
given  to  the  action  of  the  governor  weights  by  the  rim,  this  governor 
is  extremely  sensitive. 


SECTION   IV. 

VALVE     GEABS. 

Indicator   Diagrams. 

In  order  to  follow  the  effect  of  the  different  distribution  of  steam 
effected  by  different  valve  gears,  it  is  necessary  to  understand  the  in- 
dicator diagram.  By  the  term  **  indicator  dit^gram"  is  to  be  under- 
stood the  graphic  representation  of  the  varying  pressure  of  the  steam 
on  the  engine  piston  at  all  positions  of  the  crank.  The  steam  engine 
"  Indicator "  invented  by  James  Watt  is  the  instrument  by  which 
the  diagrams  are  automatically  drawn.  A  brief  description  of  indica- 
tors will  be  found  on  page  368.  Figs.  483 — 488  show  a  few  ideal 
forms  of  diagrams,  with  the  following  letters  of  reference : — 

n  =  tht  stroke  of  the  piston. 

h  s  length  of  the  period  during  which  steam  is  admitted.  If  H  be 

taken  to  equal  1,  then -7-  =  the  ratio  of  expansion. 
A* 

p  =  the  initial  absolute  pressure  measured  &om  the  line  of  per- 
fect vacuum,  p  is  usually  tSken  in  Iba  per  square  inch,  but 
may  sometimes  be  conveniently  taken  in  atmospheres. 

Ptn  =  the  average  or  mean  effective  pressure  on  the  piston. 

w  =  the  terminal  pressure. 

Po  =  the  back  pressure. 
8  =  the  clearance  and  steam  passage  for  one  end  of  the  cylinder, 
usually  taken  in  cubic  inches  or  feet,  and  in  diagrams  figs. 
483 — 488  it  is  expressed  in  terms  of  the  piston  area,  so  that 
the  line  s  represents  the  volume  of  the  clearance  space. 

va  =  the  line  of  perfect  vacuum. 

at  =  the  atmospheric  line. 

ve  =  the  portion  of  the  stroke  from  the  point  where  the  exhaust 
opens  to  the  end  of  the  stroke ;  in  the  diagrams  the  line  ve 
represents  the  volume  of  that  portion  of  the  stroke  aUuded 
to. 

oC,  diagrams  for  non-condensing  engines. 

mQ,  diagrams  for  condensing  engines. 

Figs.  483, 484,  show  the  diagram  for  an  engine  with  steam  admitted 
for  the  whole  stroke  and  in  which  the  average  pressure  throughout 
the  whole  stroke  is  equal  to  the  initial  pressure— the  back  pressure 
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Figs.  488,  485,  487. 


Pigs.  484,  486,  488. 


and  the  diagram  ia  a  rectangle ;  such  a  case  seldom  if  ever  occurs 
in  practice.  The  figures  486,  486  show  imaginary  diagrams 
with  steam  cut  off  at  '2  of  the  stroke;  figures  487,  488,  show 
diagrams  of  a  more  or  less  perfect  form,  with  steam  cut  off  at  -3  of 
the  stroke  and  the  comers  rounded  off  as  they  always  come  in 
practice  ftom  compression  as  at  o  and  early  opening  of  the  exhaust 
as  at  t;e. 

The  curve  formed  in  these  diagrams  by  the  expansion  of  steatai  is 
approximately  a  rectangular  hyperbola,  and  knowing  the  initial 
absolute  pressure  and  the  point  of  cut  off,  the  mean  pressure  can  be 
calculated  by  the  formula  :— 

from  the  value  of  p^  from  this  formula  the  deductions  for  back 
pressure,  &c.,  must  be  made.  In  the  formula  R  «  the  ratio  of  ex- 
pansion and  in  the  diagrams  is  the  ratio  S  .  The  approximate  ex- 
pansion  curve   may  be  graphically  laid  down  in  the  ^'oUowing 
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manner^  Bee  figs.  489,  490,  which  is  very  convenient  for  comparing 
the  actual  cu^^^e  formed  by  the  indicator  and  that  which  would  be 
formed  were  the  action  of  the  steam  unaltered  by  the  condensation 
which  always  takes  place  in  the  cylinder  of  a  stecon  engine. 

f  fj   i 

Fig.  489. 


Fig.  490. 


—      - // 


-^-♦4^ 

S 


H  =  the  length  of  the  diagram  and  represents  the  stroke  of  the 
piston,  and  as  the  cylinder  is  parallel  throughout  its  l^igth, 
the  line  H  also  represents  the  volume  swept  by  the  piston 
in  making  one  complete  stroke. 

h  =  the  period  of  admission. 

$  =  the  clearance  expressed  in  terms  of  the  piston  area,  so  that  s 
in  line  H  represents  the  volume  of  the  clearance. 

p  =  the  initial  absolute  pressure  in  lbs.  per  square  inch  laid  off  to 
any  convenient  scale. 

va  =  the  line  of  perfect  vacuum. 

Po  =  the  back  pressure  of  the  exhaust  steam. 
0  =  the  length  of  the  compression  period  or  the  remainder  of  the 
stroke  left  to  be  completed  after  the  exhaust  has  closed. 

Complete  the  rectangle  on  the  lines  pE,  then  fix>m  point  O  draw 
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the  line  o/,  and  the  line  {  q  parallel  to  the  linep ;  from  the  point  where 
of  cuts  %  q  draw  I  m  parallel  to  H,  then  m  is  the  terminal  point  of 
the  curve ;  the  remaining  points  are  found  by  drawing  lines  from  O  to 
points  on  the  upper  side  of  the  rectangle^  and  the  horizontal  lines 
fiom  where  they  cut  the  line  %  q,  fig.  489. 

Fig.  490  shows  the  same  process  for  drawing  the  compression 
curve. 

For  obtaining  the  mean  pressure  on  the  piston  from  a  diagram 
thus  drawn,  it  may  be  either  measured  by  means  of  a  planimeter,  or 
by  dividing  the  figure  into  equal  parts  by  vertical  lines  and  measur- 
ing the  sum  of  the  vertical  heights  of  these  parts  and  dividing  by 
their  number  for  the  average.  Further  explanation  of  these  diagrams 
and  their  uses  will  be  found  at  page  373.  The  above  curve  does  not 
actually  represent  the  expansion  curve,  only  an  approximation ;  a 
truer  curve  may  be  obtained  by  Rankine's  formula  : 

Pressure  x  (volume) »  =  constant. 
If  the  pressure  be  expressed  in  lbs.  per  square  inch,  and  the  volumes 
in  cubic  feet,  the  constant  has  a  value  of  475,  when  adopting  Zeuner's 

modification  of  Bankine's  formula  Pressure  x  (volume)  =  475 

The  formula  is  referring,  to  one  pound  of  steam.  The  volume 
occupied  by  one  pound  of  steam  at  different  pressures  is  called  the 
specific  volume  for  that  pressure.* 

The  back  pressure  {p^  of  exhaust  in  lbs.  per  square  inch  absolute 
for  a  speed  of  about  80  feet  per  second  is  given  in  the  table. 


Table  62. 

Terminal  pressure,  w              = 

8-8 

11-7 

14-7 

17-6 

22-0 

29-4 

44-0 

58-8 

Fornon-conden8mgengine,|?o  == 

— 

— 

14-7 

15-4 

16'2 

171 

18-0 

18-5 

For  condensing  engine,  po       = 

3-23 

3-7 

4-1 

4-4 

4-7 

4a 

5-3 

5-6 

All  pressnres  are  given  in  lbs.  per  square  inch  absolute. 

For  ordinary  work  po  may  be  taken  as  17  lbs.  absolute  for  non- 
condensing  engines,  and  3*7  for  condensing  engines. 


*  S«e  further  remarks  on  p.  446. 
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ClaMuflcation  of  Valves  and  Valve  Gears. 

Valves  and  valve  gears  may  be  divided  under  the  following 
heads: 

A.  Gears  of  simple  kind,  with  eccentrics  working  either  ordinary 
slide  valves  or  piston  valves. 

B.  Trip  valve  geara  with  Corliss  valves. 

C.  Tiip  or  positive  motion  gears  with  mushroom  valves. 

A.  Simple  Slide  or  Piston  Valve  Gears. 

(a)  With  one  slide  or  piston  valve,  rate  of  expansion  usually 
fixed ;  or  when  combined  with  a  HartneU  governor  or  link  motion, 
the  rate  of  expansion  is  variable. 

(6)  Double  slide  valve  gears,  with  two  separate  slide  valves  ;  the 
expansion  or  cut-off  valve  working  on  the  tttick  of  the  main  or  ex- 
•  haust  valve,  including  Meyer's  valve  gear.  Rider's,  and  others  also,  in 
which  the  expansion  valve  is  controlled  by  the  governor.  In  these 
gears  both  valves  are  worked  by  separate  eccentrics,  with  the  excep- 
tion of  one  or  two  special  examples 

B.  Trip  Valve  Gears  with  Corliss  Valves. 

(a)  Qears  in  which  the  valves,  such  as  Corliss  valves,  are  opened 
positively,  and  let  go  at  a  period  determined  by  the  governor,  by  a 
so-called  "trip*  gear,  the  closing  of  the  valves  being  effected  by 
springs  or  dash-pots.  The  valves  are  parts  of  cylinders,  and  work 
to  and  fro  in  bored-out  seatings. 

(6)  Gears  in  which  the  Corliss  valves  revolve  continuously,  such  as 
those  of  Siegel  and  Ehrhardt. 

In  Corliss  valve  gears  there  are  usually  two  steam  valves  and  two 
exhaust  valves.  The  advantages  of  this  system  will  be  refened  to 
when  treating  of  Corliss  engines,  pages  252  et  seq, 

C.  Gears  with  Mushroom  Valves. 

(a)  Gears  with  positively  driven  valves  of  mushroom  fonn. 

(6)  Gears  with  valves  driven  through  the  medium  of  trip  gear,  the 
valves  being  of  mushroom  form.  Examples  of  these  are  given  on 
pages  234  et  seq. 
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Slide  Valves. 

The  fignies  491 — 600  show  longtitudinal  and  cross  sectioxis  of 
simple  alide  valves,  such  as  are  used  in  small  steam  engines. 


Fig.  498. 


Fig.  494. 


Fig.  495.    - 


Fig.  497. 


Fig.49G. 


Fig.49& 


Fig.  499. 


Fig. 500.    r- 
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Figs.  601 — 603  show  sections  of  the  "Trick",  valve,  with  the 
double  opening  for  steam  shown  by  the  arrows ;  this  is  a  good  form 
of  slide  valve  for  quick  running  engines.  The  width  of  the  port^  a^ 
^  +  df  and  the  eccentric  radius  or  half  stroke,  r  ^  e  +  2e, 


Kg.  501. 


Fig.  503. 


Figs.  604  and  606,  show  a  main  and  -cut-off  dide  valve,  each 
worked  by  a  separate  eccentric,  and  for  a  fixed  rate  of  expansion.  Only 
one  port  is  shown  in  the  example  given  at  each  end  of  the  main 
valve,  but  it  is  generally  better  to  have  a  number  of  ports,  4  to  6,  or 
even  more.  They  are  then  termed  multiple  ported,  or  "  gridiron 
slide  valves. 

Fig.  604.  Fig.  SOS. 


Fig.  506. 


Fig.  507. 


Figs.  506  and  507  show  an  example  of  Meyer's  valves  for  variable 
expansion,  in  which  the  cut-off  is  varied  by  increasing  the  distance 
between  the  outer  edges  of  the  cut-off  valve.  The  valve  is  in  two 
parts,  one  part  having  a  right  hand  nut,  the  other  a  left  hand,  and  a 
corresponding  thread  cut  on  the  valve  spindle,  which  is  capable  of 
being  turned  round  by  a  hand  wheels  or,  in  some  cases,  by  being 
actuated  by  the  governor. 
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In  Bidei's  valve  gear,  of  which  the  valves  are  ehown  in  figs.  508 — 
511,  the  cat-off  valve  itself  coiresponds  to  the  right  and  left  hand 
screw  of  Meyer's.  The  rate  of  expansion  is  varied  hj  turning  the 
cat-off  valve  on  its  seat;  which  is  formed  by  boring  out  a  recess  on 


Pig.  608. 


Fig.  609. 


Kg.  610. 


Fig.  611. 


Fig.  612. 


Fig.  513. 


the  back  of  the  main  valve.    Fig.  508  gives  an  example  of  a  closed 
Bider  valve,  and  fig.  510,  an  open  one ;  the  cut-off  valve  is  usually 
connected  with  the  governor. 
Figs^  512  and  513  give  another  example  of  closed  Rider  valves. 
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A  modification  of  Rider's  valyes  is  shown  in  figs.  514 — 516,  where 
in  place  of  the  ciit-off  valve  being  cylindrical  it  is  flat  with  inclined 
edges,  and  is  moved  across  the  back  of  the  main  valve  by  means  of 
a  rack  and  pinion.  The  figs,  are  taken  from  valves  by  Heinrich 
Lanz  of  Mannheim. 


Fig.  514. 


Kg.  615. 


Fig.  616. 


An  arrangement  of  valve  for  a  tandem  compound  portable  engine 
by  Messrs.  Garrett,  Smith  &  Co.,  of  Buckau-Magdeburg,  is  shown  in 
fig.  518,  ihe  arrows  indicating  the  passage  of  steam  and  exhaust. 


ffighprcit 


Fig.  618. 


The  double  ported  valve,  fig.  519,  is  a  form  where  the  two  end 
ports  of  the  main  valve  are  separate.  This  is  necessary  where  a 
variation  in  the  cut-off  is  effected  by  turning  the  cUt-off  valve 
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Fig.  519. 

eccentric  round  on  the  shafb ;  in  other  words,  by  increasing  the  angle 
of  advance  of  the  cut-off  valve  eccentric.  When  the  variation  is 
effected  by  altering  the  stroke  of  the  cut-off  valve  eccentric,  the  main 
valve  may  be  a  hollow  case,  with  a  number  of  ports  at  the  back,  all  of 
which  ports  will  be  in  use,  admitting  steam  to  whichever  end  of  the 
cylinder  the  main  valve  allows  it  to  enter.  The  advantages  of  having 
a  number  of  ports  are,  that  the  cut-off  is  much  more  rapid  than  with 
only  one  or  two  ports. 

A  double  slide  valve  arrangement,  fig.  520,  has  a  separate  chamber 
for  the  expansion  valve.    There  are  some  advantages  in  this,  and  it 


ng.  520. 


Pig.  521. 


has  been  very  successfolly  used  by  Messrs.  Davey,  Paxman  &  Co.,  of 
Colchester. 

In  order  to  reduce  the  stroke  of  a  slide  valve,  the  double  ported 
single  valve,  figs.  522,  623,  was  introduced  by  Messrs.  Penn  for 
marine  engines  :  a  equalling  the  total  width  of  the  steam  passage, 
then  the  radius  of  the  eccentric,  or  half  stroke,  r  =  •5a  +  e.  The 
lead  and  lap  are  half  the  amount  which  would  be  required  for  a 
simple  valve  for  the  same  width  of  port.  The  steam  enters  by  the 
passages  E  E,  as  well  as  over  the  back  of  the  valve. 
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Fig.  622. 


^g.  528. 


Fig.  624. 


Fig.  625. 


A  variety  of  Penn's  valve^  by  Bondg,  is  ahown  in  figs.  524,  525. 
The  passages,  A  A,  are  in  connection  with  the  side  passages,  D  D, 

fig.  525.  This  aiiangement  allows 
of  an  expansion  valve  to  be  used  on 
the  back  of  the  main  valve  in  the 
usual  way. 

Fig.  526  shows  the  vidve  of  Hick 
for  a  compound  engine,  with  both 
pistons  moving  in  the  same  direc- 
tion. 


Fig.  526. 


Fig.  627. 


Fig.  528. 

In  order  to  reduce  the  length  of  the  ports  to  a  minimum,  valves 
are  often  made  in  two  parts,  fig.  528.  The  same  effect  is  produced  by 
the  long  valve,  fig.  527,  but  is  not  so  good  as  separating  the  two  ends 
as  in  fig.  528.  In  Meyer's  and  Rider's  valve  gears  they  can  be  arranged 
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as  in  figs.  529,  530,  where  the  two  ends  are  separate,  and  the  poi:ts 
thus  made  very  short. 

Pig.  629. 


Fig.  530. 

The  attachment  of  the  valve  to  the  valve  rod  or  spindle,  is  eflfected 
in  various  ways,  and  it  should  always  be  remembered  that  the  centre 
line  of  the  rod  should  be  as  near  the  port  face  as  possible,  so  that  the 
push  and  pull  may  be  near  to  the  line  of  greatest  resistance,  and  thus 
to  move  the  valve  as  quietly  and  steadily  as  possible. 

In  order  to  place  the  rod  close  to  the  port  face,  the  rod  is  often 
made  with  a  T  head,  fitting  into  a  recess  in  the  end  of  valve, 

Fig.  531. 


Fig.  532. 

G  =  s  +  l-5r. 
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fig.  633,  or  a  bridle,  figs.  536,  531,  is  used.  Considering  the  small 
surface  given  by  these  T  headed  rods,  it  is  somewhat  surprising  how 
long  they  will  last  without  undue  slackness  from  wear. 


Fig.  5S5. 

Expansion  valves  are  often  attached,  as  shown  in  fig.  536,  by 
means  of  a  block  through  which  the  rod  passes,  and  in  the  case  of 
Meyer's  valves,  is  screwed  into  the  block,  or,  with  other  valves  for 
ordinary  work,  secured  by  a  cottar. 


Figs.  536  and  537.~ValYe  bridle  for  valves  of  the  kind  shomi  in  fig.  531. 

The  great  pressure  exerted  by  the  steam  on  slide  valves  has 
induced  many  schemes  to  be  brought  out  to  relieve  this  pressure. 
To  construct  a  perfect  "  balanced  ^  slide  valve,  is  a  point  of  great 


Fig.  638. 
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difficulty  ;  many  so-called  balanced  valves  remaining  so  for  a  very 
short  time  after  the  engine  has  been  working.  A  few  examples  are 
shown  in  figs.  538 — 541.    In  fig.  539,  the  valve  is  balanced  by  a  zing 


Fig.  539. 

on  the  back,  held  np  by  light  springs  against  the  cover,  so  as  to 
prevent  the  pressure  of  steam  from  acting  on  the  back  of  the  valve. 


Fig.  540.  Fig.  541. 

Perhaps  the  best  form  of  balanced  valve  is  the  piston  valve,  which 
has  been  successfully  used  in  marine  engines  with  very  high 
pressures.    Examples  of  these  will  be  found  on  pages  222,  223. 

Simple  Valve  Gears. 

The  following  reference  letters  are  used  throughout  the  investiga- 
tions of  valve  gear  diagrams  und  valves  in  the  next  pages  164 — ^204. 

a.  The  admission  or  steam  port. 

Oq.  The  exhaust  port. 

c.  The  breadth  of  the  bars  between  the  ports. 

e.  The  outside  lap. 

*.  The  inside  lap. 

r.  The  radius  of  the  eccentric,  or  half  the  stroke  of  valve. 

V.  The  lead  or  length  of  steam  port  open  to  steam  at  beginning  of 
stroke. 

^Q,  The  inner  lead  on  exhaust  side. 

The  simple  valve,  worked  by  an  eccentric,  is  chiefly  Used 
in  small  engines  with  cut  off  at  from  '5  to  '8  of  stroke,  much 
better  results  being  obtained  from  valve  gears  with  two  valves; 

M  2 
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worked  by  separate  eccentrics.  A  single  valve,  however,  attached  to 
a  link  motion,  has  been  used  as  a  variable  expansion  apparatus,  as 
well  as  for  reversing* 

Single  valves  in  combination  with  a  Hartnell  governor,  figs.  474, 
476,  page  145,  have  given  good  results,*  the  action  on  the  valve  being 
nearly  the  same  in  this  case  as  with  the  link  motion.  Simple  slide 
valves  with  the  reference  letters  are  shown  in  figs.  642  and  643. 


— s 


Fig.  542.  Fig.  643. 

The  proportions  for  given  rates  of  expansion  are  : — 


For  cut  off  at  '5 
g  =  2a. 
t  =  '7  a 
r  =  '8  a  +  € 
v  =  '25  a  to  0*5  a 


at  -6  at  -7 

e  =  VZa  e  —  Sa 

i  =  '5  a  t  =  '3  a 

r  =  a  +  e  r  =■  a  +  e 

v  =  '2  a  to  '4  a  v=  '2aU>  *Sa. 

The  greater  values  of  v  are  for  quick  running. 
Figs.  544 — 547   show  in  diagram  the  relative  positions  of  the 
crank  and  valve  in  a  simple  valve  gear,  at  four  different  points  in  the 
stroke. 

In  fig.  544  the  piston  is  at  the  left  hand  end,  and  crank  is  at  the 
beginning  of  the  stroke,  or,  at  the  dead  point ;  the  steam  port  is 
open  to  the  extent  of  the  lead  v,  the  exhaust  port  is  open  Vq  ; 
X  =  e  +  V, 

In  fig.  545  the  steam  port  is  full  open,  and  the  valve,  at  its  ex- 
treme position,  to  the  right ;  x  =  r,  . 

In  fig.  546  the  steam  port  is  closed  and  the  expansion  has  begun  ; 
X  =  e. 

In  fig.  547  the  exhaust  is  closed,  and  the  compression  has  begun ; 
a:  =  i. 

In  these  figures,  K  is  the  crank,  S,  the  angular  advance  of  the 
eccentric  radius  E,  and  the  arrows  show  the  direction  of  running,  and 
the  direction  of  the  flow  of  steam  in  the  ports  and  passages.  , 

*  See  report  of  judges  at  the  Cardiff  Meeting  of  the  Royal  Agricultural 
Society. 


SIUPU!  VALVE  QEABS. 


165 


A  ^i  V 


Fig.  645. 


Fig.  647. 
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Zeuner's  Valve  Diagram. 

By  means  of  Zeuner's  valve  diagram,  the  relative  positions  of 
crank  and  valve  can  be  shown  graphically ;  the  construction  is 
briefly  as  follows  :  Draw  the  two  axes  at  right  angles  to  each  other, 
0  X,  0  Y,  figs.  548,  549,  then  make  O  E  =  e  =  the  outside  lap  ; 

E  V  =  V  =  the  lead ;  with  radius  =^  describe  the  circle  O  V  G  cutting 

0  and  V,  then  M  will  be  the  centre  of  this  circle,  called  the  valve 
circle,  0  G  will  =  r,  and  will  give  the  position  of  the  eccentric  radius. 


•Fig.  548. 


Pig.  549. 


and  b  will  be  the  angle  ot  advance  on  0  G  produced.  A  circle  of  the 
same  radius  is  then  drawn  below  0  X.  Make  0  J  =  t  the  inside  lap, 
and  draw  the  crank  circle  from  centre  O  of  any  convenient  size.  Note 
that  in  this  diagram  the  crank  moves  in  the  direction  of  the  arraw* 
the  contrary  way  to  that  in  which  the  engine  crank  moves. 

Looking  at  fig.  549,  when  the  crank  is  at — 

O  B,  the  steam  port  is  beginning  to  open  at  right  hand. 

0  X,  the  right  hand  steam  port  is  open  to  the  extent  of  the  lead  v 
(crank  at  dead  point  to  the  right  hand). 

0  G,  valve  at  its  furthest  position  to  the  left. 

0  D,  the  right  hand  steam  port  doses  and  expansion  begins. 

O  H,  valve  in  its  middle  position. 

O  F,  beginning  of  exhaust  at  the  right  hand. 

O  Xj,  exhaust  port  open  Vq  at  the  right  hand  (crank  at  dead  point 
to  the  left  hand). 

0  P,  valve  at  its  furthest  position  to  the  right. 

0  L  to  O  N,  exhaust  open  fully  to  right  hand. 

O  C,  exhaust  closes,  beginning  of  compression. 

O  H^,  valve  in  its  middle  position. 

/«- 


zexjner's  valve  diagram. 
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From  P  to  Q  (in  direction  of  arrow),  through  H^,  the  valve  moves 
to  the  left    From  Q  to  P,  through  H,  the  valve  moves  to  the  right. 
The  half  stroke  or  radius  of  eccentricity  equals  the  port  +  the  lap. 


T  = 

a  +  e; 

but 

r  can  be  ^  a  +  «. 

Fig.  550. 

Pig.  551. 

r<a+e= 

Oi  +  e 

r>a  +  e  =  a  +  e  +  m 

a 

=  12 

a  =  12 

«! 

=  10 

w=  2 

e 

=  18 

e  =  18 

i 

=  7 

1  =  7 

V 

=  4 

«  =  4 

r 

=  10+18 

Rg.  550. 

=  28 

r  =  12  +  18  +  2  = 

Pig.551. 

=  32 

Pig.  652.  Fig.  658. 

The  point  of  cut  off  will  be  earlier  with  the  shorter  stroke,  and  it 
is  often  sufficient  that  the  greatest  opening  of  port  to  steam 
a^  =  '8  a.  This  smaller  opening  of  port  to  steam,  takes  place  in  the 
single  valve  gears  connected  with  a  governor  of  the  Hartnell  type, 
in  order  to  keep  the  range  of  the  governor  as  short  as  possible,  and 
can  be  arranged  to  give  very  good  admission  and  exhaust,  as  the 
exhaust  side  of  the  valve  allows  of  full  opening  of  the  port. 
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Figs.  564  and  555. 


p^j     ^b     qs     4^    ^J    ^f     aj Q     ^ 


Fig.  557 
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Valve  Diagram  for  a  Simple  Valve  Gear. 

O  X,  direction  of  valve  motion. 

O,  centre  of  the  diagram. 

«,  outside  lap  (circle  2  e  diameter  about  centre  0,  called  lap  circle). 

t)  inside  lap  (circle  2  i  diameter  about  centre  0). 

«,  lead  of  the  valve,  O  flf  =  e  +  v. 

r  «  a  +  « the  radius  or  half  stroke  of  the  eccentric  i(valve  circle 

through  g  and  0). 
H,  diameter  of  the  crank  circle  (any  convenient  size) 

Then  in  figures  564  to  567 — 

Vq  =  inner  or  exhaust  lead. 

O  G,  position  of  the  eccentric  radius. 

d  =  the  angle  of  advance. 

O  B,  the  position  of  the  crank  for  beginning  61  admission. 

O  D,  „  „  „         of  expansion. 

O  F,  „  „  „  of  exhaust. 

O  C,  „  „  „         of  compression. 

h  =■  the  position  of  cut  off. 

If  there  is  no  inside  lap,  then  the  beginning  of  compression  and 
exhaust  take  place  on  a  line  at  right  angles  to  the  original  position 
of  the  eccentric  radius. 

The  diagram  crank  moves  in  the  directio'n  of  the  arrow  1,  in  fig. 
554  ;  the  engine  crank  moves  in  the  direction  of  the  arrow  2,  in  fig. 
557 ;  the  radius  of  the  eccentric  is  in  advance  of  the  crank  to  the 
extent  of  90*  +  d ;  O  K  is  the  position  of  the  crank,  0  G  that  of 
the  eccentric,  fig.  657.  In  order  to  understand  this  valve  diagram,  it 
IB  better  to  draw  the  steam  diagram  under,  as  shown  in  fig.  555. 
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Slide  Valves. 


,-^v^ 


The  above  figures  show  a  simple  slide  valve*  corresponding  to  the 
valve  diagram,  fig.  558,  and  a  table  of  dimensions  is  given  on  next 
page. 
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Valve  Gears  with  Two  Valves, 
Meyer's  Valve  Gear. 


Fi^  567. 


Pig.  568. 


Fig.  567  shows  the  two  valves  arranged  for  a  fixed  rate  of 
expansion ;  fig.  568  for  variable  expansion,  with  the  following 
reference  letters. 

a,  width  of  steam  ports  in  port  face. 

a^,  width  of  steam  ports  in  main  valve, 

e^o,  width  of  exhaust  port. 

c,  width  of  bars  between  porta. 
«,  outside  lap. 

iy  inside  lap. 

%  outside  lead. 

Vq,  inside  lead  or  exhaust  lead, 

r,  half  stroke  of  main  valve. 

r^,  half  stroke  of  cut-off  valve. 

d,  angle  of  advance  of  main  valve  eccentric. 
^1,  angle  of  advance  of  cut-off  valve  eccentric. 

y  =  L  —  /,  distance  between  working  edges  of  valves  ;  in  fig.  568 
an  ideal  middle  position  is  taken  for  any  selected  point  of  cut  off. 

»,  the  horizontal  distance  from  centre  line  of  the  back  edge  of  cut- 
off valve  for  any  selected  point  of  cut  off. 

I,  the  valve  circle  of  main  valve,  fig.  569. 

II,  the  valve  circle  of  cut-off  valve. 

III,  the  relative  valve  circle* 

Valve  diagram,  fig.  569. 

The  outside  lap  circle,  2 1  diameter. 

The  inside  lap  circle,  2  i  diameter. 

The  vaive  circle  I,  with  a  diameter  of  0  G  =  r  =  half  stroke 
of  main  valve,  is  drawn  the  same  as  for  the  simple  valve  gear. 
The  advance  angle  of  the  cut-off  valve  eccentric  \  may  be  taken 
from  60°  to  90**,  and  the  cut-off  valve  circle  II  described  with 


meyee's  valve  gear. 
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diameter  0  E  =  r^  =  half  stroke  of  cut-off  valve  eccentric.  Draw 
G  P  parallel  to  O  E,  and  0  P  parallel  to  E  G,  then  0  P  will  be  the 
diameter  of  the  relative  valve  circle  III.  The  chord  of  valve  circle 
III  gives  the  distance  "between  the  centres  of  the  two  valves  which 
is  greatest  when  the  crank  is  in  the  position  0  P,  and  then  is  equal 
to  the  line  OP;  for  a  fixed  period  of  admission  or  point  of  cut  off, 
for  example  '7,  0  S  =  L  —  ^,  and  the  shaded  part  of  the  diagram 
bIiows  the  opening  of  the  port  to  steam.  When  the  crank  is  at  0  N, 
the  port  in  the  main  valve  is  fully  open ;  when  at  0  w,  the  port  is 


^0     p     ^4     f^^     ^#    ^    ^^M     f^     ^^     f^f^   t^ 


Fig.  569. 

open  to  the  extent  of  m ;  when  at  0  S,  the  port  is  closed :  the 
greater  the  distance  between  the  working  edges  of  the  cut-off  plates 
or  valves,  the  greater  is  /,  and  so  L  —  Hs  less.  For  very  early  cut 
off,  L  —  ^  is  negative  ;  example,  for  a  cut  off  at  '05,  the  crank  centre 
line  cuts  the  circle  III  in  the  lower  quadrant 
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Valve  Diagram  for  Meyer's  Valve  Gear  (Figs.  570—573). 

*0  X,  direction  of  the  valve  motion,  that  is,  plane  of  port  face. 
€,  outside  lap. 
if  inside  lap. 
V,  lead. 

r,  half  stroke  of  main  valve  eccentric. 
0  E,  position  of  cut-off  valve  eccentric  radius. 
fi  half  stroke  of  cut-off  valve  eccentric. 
GPu  parallel  to  OE. 

0  P„  diameter  of  relative  or  resultant  valve  circle. 
Vq,  inside  lead. 

d,  angle  of  advance  of  main  valve  eccentric, 
du  angle  of  advance  of  cut-off  valve  eccentric. 
yg  =  L  —  ;,  for  cut-off  at  '8 ;  chord  of  circle  III. 
y^  =  L  —  i,  for  cut-off  at  '4  ;  chord  of  circle  III. 
yo  =  L  —  i,  for  cut-off  at  -0  ;  chord  of  circle  III.,  negative. 
*8  is  taken  as  the  latest  cut-off. 

OB,  position  of  crank  for  beginning  of  admission. 

O,  '4        „  „        for  beginning  of  expansion  for  cut-off  at  '4. 

0  D,        „  „        when  main  valve  closes  the  steam  port. 

0  F,        „  „        when  exhaust  opens. 

0  M,       „  „        when  port  in  main  valve  reopens  to  steam 

for  cut-off  at  '4. 

0  C,        „  „        when  exhaust  closes  and  compression  begins. 

The  chord  of  valve  circle  I.  gives  the  distance  of  the  middle  of  the 
main  valve  from  the  centre  of  the  port  face. 

The  chord  of  valve  circle  II.  gives  the  distance  of  the  middle  of 
the  cut-off  valve  from  the  centre  of  the  port  face. 

The  chord  of  the  valve  circle  III.  gives  the  distance  between  the 
centres  of  the  two  valves. 
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The  Valve  Ellipse. 

(a.)  For  Simple  Valve  Gear. 

The  valve  ellipse,  fig.  594,  is  a 
great  assistance  ia  understanding 
Zeuner's  valve  diagram,  and  it  also 
shows  the  speed  \^ith  which  the 
valve  moves  at  different  parts  of 
its  stroke,  when  opening  or  clos- 
ing the  ports.  The  length  of  the 
connecting-rod  is  disregarded  and 
is  taken  to  be  infinite.  The  dia- 
meter of  the  crank  circle  is  divided 
in  10  equal  parts,  and  perpen- 
dicular lines  are  drawn  through 
these  points  terminating  in  hori- 
zontal lines  as  in  the  fig.  594 
placed  for  convenience  above  and 
below  the  valve  diagram,  and  the 
distances  from  the  centre  of  the 
valve  to  the  centre  of  the  port  fece 
(chords  of  the  valve  circle)  are  laid 
off  on  the  perpendicular  lines^ 
through  the  points  thus  found  the 
curve  called  the  valve  ellipse  is 
drawn,  the  lap  e  is  laid  off  and  the 
port  width  a^^  then  the  shaded  part 
of  the  diagram  gives  the  actual 
^8. 5 w.  opening  of  the  port  by  the  valve ;  at 

the  dead  point,  for  example,  the  port  is  open  to  the  extent  of  v,  when 
the  crank  is  at  the  position  '4  the  port  is  open  the  amount  w.  The 
scale  of  fig.  594  is  f  natural  size  : 

Width  of  port,  a^  =    '67  inch. 
„  a  =    -78    „ 

Half  stroke  of  valve  r  =  1*77  inch. 
Lap  (outside)  e  =    '98    „ 
„  (inside)    i  =    '35    „ 
Lead  (outside)  v  =  '196  inch. 
„     (inside)  v^  =  -78     „ 
Angle  of  advanced  =  41°. 
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(b.)  For  Bider's  and  Meyer's  Valve  Gears. 

1^8  diagram  and  ellipse  for  the  main  slide  is  constructed  in  the 
same  manner  as  for  the  simple  valve  gear.  In  the  figs.  596, 596,  the 
influence  of  the  magnitude  of  the  angle  of  advance  d^  (of  the  cut-off 
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.Fig.  956. 
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Fig.  595. 


4i^va 


Fig.  597. 


valve  eccentric)  on  the  speed  with  which  the  ports  are  closed  is 
shown,  and  the  following  data  are  taken  as  starting  points  : — 

Admission  period  or  cut-off,  ^  =  '3  port  in  back  of  main  valve  a^ 
—  '98  inch  ;  steam  port,  a  =  1'14  inch ;  outside  lap,  e  =  '59  inch  ; 
inside  lap,  t  =  2*55  inch ;  half  stroke  of  main  and  cut-off  valves  r 
and  r^  =  1*73  inch  ;  outside  lead  =  '12  inch  angle  of  advance  of 
main  valve  eccentric  =  24"*  scale  ]  natural  size.  In  fig.  595  the 
advance  angle  of  cut-off  valve  eccentric  =  90°,  in  fig.  596  =  60**.  To 
show  the  opening  of  the  ports  in  back  of  main  valve,  lay  off  the 
distances  between  the  acting  edges  of  the  main  and  cut-off  valves  as 
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ordinates,  then  the  area  shaded  with  vertical  lines  gives  the  opening 
of  the  ports,  a  comparison  of  fig.  595  with  fig.  596  shows  there  is  a 
better  admission  of  steam  with  an  advance  angle  of  90**  than  wilih 
60** ;  the  magnitude  of  the  angle  j3  shows  this  clearly. 

Defect  in  Arrangement  of  Valve  Gears. 

By  defective  arrangement  of  valve  gears  with  two  valves  worked  by 
separate  eccentrics,  a  second  admission  of  steam  may  take  place 
towards  the  end  of  the  stroke  before  the  main  valve  has  closed  the 
steam  port.    The  diagram  fig.  598  shows  an  example  of  this,  the  ex- 


Fig.  598. 
pansion  will  begin  when  the  crank  is  at  O  C  when  the  cut-off  valve 
has  closed  the  port ;  but  they  will  reopen  again  when  the  crank  is  at 
O  H,  and  second  admission  will  take  place  as  the  main  valve  only 
closes  the  port  when  the  crank  is  at  O  D.  This  fatdt  can  be  avoided 
by  a  proper  advance  angle  8^  and  stroke  of  valve  2  r^,  the  position  of 
the  diameter  O  P  of  the  valve  circle  III.  fig.  598  must  be  near  the 
position  O  D  the  point  at  which  the  main  valve  closes  the  port  To 
avoid  this  fault  requires  great  care  in  valve  gears  where  the  ex- 
pansion is  varied  by  vaiying  the  stroke  of  the  cut-off  valve  eccentric 
as  in  Hartnell's  expansion  governor.  Under  indicator  diagrams 
will  be  found  an  example  which  occurred  in  practice,  but  from  a 
different  cause  to  that  above  mentioned. 
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Arrangement  for  Variation  of  Expansion  by  Band. 
The  expansion  may  be  varied  by  increasing  the  advance  angle 
of  the  cut-eff  eccentric  by  turning  the  eccentric 
round  on  the  shaft  and  fixing  it  by  means  of  a 
bolt   to   the   main   valve   eccentric  as  shown  in 
fig.  599,  this  has  usually  to  be  adjusted  when  the 
engine  is  stopped,  but  it  has  also  been  arranged  to  be 
varied  automatically.    The  diagram  fig.  600  shows 
the  effect  of  altering  the  advance  angle  d^  from  90"* 
to  60"  and  the  cut  will  be  thus  altered  from  '6  to 
*25  of  the  stroke.    It  should  be  noted  that  for  this 
kind  of  variable  expansion  the  two  ends  of  the 
main  valve  must  be  separated  from  each  other  as  in  fig.  584, 
so  that  each  end  is  independent,  but  for  valve  gears  where  the 


Fig.  599. 


Fig.  600. 


o  =  29 ;  e  «  15  ;  r  =  44 ;  V  =  3. 
o^  =  25  ;  i  =  6-5  ;  r^  =  44 ;  L-l  =  22. 
Angle  of  advance  d^  =  90' ;  Cut  off  =  0-25. 
«  =  60' ;        „      =  0-60. 

expansion  is  varied  by  altering  the  stroke  of  the  cut-off  eccentric  the 
two  ends  need  not  be  independent  of  each  other,  so  that  all  the  ports 
in  the  back  of  the  main  valve  are  used  for  each  end  of  the  cylinder. 
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Valve  Diagram  for  Valve  Gears  with  Two  Slide  Valves, 
each  Worked  by  a  Separate  Eccentric. 

The  construction  of  the  diagram  is  as  follows: — 

First  describe  a  circle  (fig.  601)  whose  diameter  equals  the  stroke 
of  the  main  valve  eccentric  and  draw  the  horizontal  and  vertical  dia- 
meters, R  Q  =  N  T.  On  the  horizontal,  R  Q  set  off  the  lap  of  the 
valve,  plus  the  lead,  O  L  ;  from  0  L  erect  a  perpendicular,  cutting 
the  circle  VI.  in  K,  draw  the  radial  line,  O  K,  then  0  K  will  be  the 
position  of  the  main  valve  eccentric  radius  when  the  crank  is  at  one 
of  the  dead  points  R,  and  the  angle  RON,  will  be  the  "  angle  of 
advance "  of  main  eccentric.  The  steam  port  in  cylinder  may  be 
represented  by  the  perpendiculars  drawn  below  R  Q  from  the  points  P 
and  J,  the  distance  O  P  being  equal  to  the  lap  of  the  valve.  If  now  the 
radial  line  0  K  be  imagined  to  move  round  on  the  centre  O,  in  the 
direction  of  the  arrow  VI.  from  K  to  the  point  K^,  it  will  show 
the  angular  movement  of  the  crank-pin  and  eccentric  radius  from  the 
dead  point  of  the  former  until  the  valve  has  returned  and  closed  the 
port.  If  the  distance  K  K,^  is  taken  with  the  compasses  and  set  off 
from  R  to  05^  in  circle  VI.  and  a  perpendicular  dropped  cutting  R  Q 
in  05,,  the  proportion  of  R  iCg  to  the  diameter  of  the  circle  VI.  will 
give  the  portion  of  the  piston-stroke  during  which  steam  is  admitted. 
It  is  easy  to  follow  this  motion  and  obtain  the  position  of  the  crank, 
and  from  thence  the  position  of  the  piston  for  the  admission,  cut-off, 
release  and  compression,  by  setting  out  the  steam  ports  and  exhaust 
in  their  proper  position  at  the  right  of  the  port  P  J  ;  and  by  setting 
out  the  valve  on  a  separate  piece  of  paper  and  moving  it  backwards 
and  forwards  along  the  line  R  Q,  and  holding  a  set-square  against  the 
left-hand  edge  of  liie  valve  so  as  to  mark  the  different  phases  on  the 
circle  or  on  the  diameter  R  Q,  all  the  positions  of  the  piston  may  be 
marked  on  R  Q  for  admission,  cut-off,  release  and  compression,  and 
if  R  Q  be  divided  into  tenths,  the  percentage  of  stroke  may  be  read 
off ;  always  bearing  in  mind  that  no  account  in  this  kind  of  valve  dia- 
gram is  taken  of  the  difference  in*  the  distribution  of  steam  caused  by 
the  angle  of  the  connecting  and  eccentric  rods. 

For  valve  gears  with  two  valves,  having  the  cut-off  valve 
worked  on  the  back  of  the  main  valve  by  a  separate  eccentric,  a 
further  construction  is  necessary.  The  example  given  is  one  with  a 
"  gridiron  "  or  many-ported  cut-off  valve,  and  with  a  varying  stroke, 
the  maximum  stroke  being  taken  as  equal  to  the  stroke  of  the  main 
valve. 

On  K  in  the  circle  VI.,  describe  a  circle  XII.  of  a  diameter  equal 
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to  the  width  of  one  port  in  back  of  mam  valve,  and  touching  this 
circle,  draw  the  perpendiculars  C  D,  F  G.  On  a  point  in  circle  VI. 
describe  a  circle  Gqrxsl  in  diameter,  to  width  of  one  port  in  cut-off  valve, 
so  that  this  circle  overlaps  the  line  of  port  in  main  valve  F  G,  by  a 
small  amount,  say,  ^th  of  an  inch,  more  or  less  ;  this  may  be  called 
the  lead  of  cut-oflf  valve.  The  line  0  A,  gives  the  position  of  the  cut-off 


Fig.  601. 

eccentric  radius,  when  the  crank  is  at  one  of  the  dead  points  R,  and 
angle  N  O  A  "  angle  of  advance  "  of  cut-off  valve  eccentric. 

From  point  K  at  radius  K  A,  draw  circle  III.  If  clgsely 
ohserved,  it  will  be  seen  that  when  the  system  of  circles  XII.  and 
XIV.  are  revolved  round  on  centre  O,  at  radius  O  K,  and  at  the 
fixed  distance  from  each  other  K  A,  they  will  assume  different  posi- 
tions with  regard  to  the  observer  looking  down  on  thetn.  In  the 
position   on  the  diagram,  circle  XIV.  is  below  and  to  the  right  ol 
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circle  XII.  and  whea  K  reaches  K^,  XIV.  will  be  to  the  left  of 
XII.  and  above  it,  so  in  the  complete  revolution,  the  two  circles 
XII.  and  XIV.  will  revolve  About  one  another,  and  their  relative 
motion  with  regard  to  each  other  will  be  the  same  if  one,  say,  XIL, 
is  fixed,  and  XIV.  revolving  round  it  at  radius  K  A,  and,  taking 
this  to  be  the  case,  all  the  positions  of  the  cut-off  valve  ports  with 
relation  to  those  on  the  back  of  the  main  valve  can  be  determined ; 
and,  further,  the  position  of  crank  at  admission  by  cut-off  valve,  at 
cut-off,  and  at  reopening  of  main  valve  ports,  can  be  laid  out  in  per- 
centages of  stroke  or  otherwise. 

Describe  the  circle  IV.  on  centre  O  at  radius  equal  to  K  A,  then, 
taking  radius  of  port  circle  XIV.  in  compasses,  describe  circle  at  H 
on  circle  III.  touching  the  line  C  D.  The  radius  K  H  wiU  represent 
position  of  cut-off  eccentric  radius  when  cut-off  valve  has  closed 
ports  on  back  of  main  valve,  that  is,  when  steam  is  cut-off ;  the  dis- 
tance A  H  will  show  the  angular  movement  from  beginning  of  stroke 
to  point  of  cut-off  by  cut-off  valve.  Transfer  this  distance  to  circle 
IV.  and  draw  the  radius  O  V  cutting  the  circle  VI.  at  V,  drop  a  per- 
pendicular from  V  on  to  R  Q  and  read  off  percentage  of  stroke.  In 
the  present  case  of  an  expansion  gear  controlled  by  the  stroke  of  the 
cut-off  valve  being  decreased  or  increased  by  the  governor  or  other 
means,  this  will  be  the  latest  cut-off  corresponding  here  to  the  maxi- 
mum stroke  of  the  cut-off  valve.  For  the  earliest  cut-off,  let  circle 
XIV.  be  moved  along  line  O  A  and  take  the  position  B  giving  a 
shorter  stroke  to  cut-off  eccentric,  describe  the  circle  VIIL  with 
radius  K  B  on  centre  K,  and  describe  a  circle  XI.  with  same  radius 
on  centre  O.  As  before,  take  radius  of  port  circle  and  describe  circle 
S  with  its  centre  on  circle  VIII.  and  touching  the  line  C  D  ;  the  dis- 
tance from  B  to  S  will  give  angular  movement  from  beginning  of 
stroke  to  point  of  cut-ofl^  transfer  this  movement  to  circle  XI.  From 
centre  O  to  I  draw  radial  line  O  I  and  drop  perpendicular  from  I^ 
to  R  Q  and  read  off  percentage  of  stroke.  In  valve  gears  where  the 
cut-off  is  varied  by  shortening  the  stroke  of  cut-off  valve  eccentric, 
there  is  a  danger  of  the  ports  reopening  too  soon  and  admitting  steam 
again  late  in  the  stroke  before  the  lap  of  the  main  valve  has  covered 
the  steam  port.  To  find  where  reopening  occurs,  describe  port  circle 
S  VIII.  with  centre  on  circle  VIII.  and  touching  line  C  D, 
transfer  the  angular  motion  from  B  to  S  VIII.  to  circle  XI.  as 
before,  starting  on  line  B  Q  and  cutting  the  circle  XI.  at  x^.  Draw 
radial  line  O  x^^  cutting  circle  VI.  in  x^,  drop  perpendicular  on  the  line 
R  Q,  note  where  it  cuts  at  x^,  then  if  x^  is  on  the  right  hand  of  L,  the 
point  where  the  main  valve  closes  the  port,  the  reopening  of  cut-off 
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ports  will  then  take  place  after  the  main  valve  has  closed  the  steam 
port,  and  no  second  admission  of  steam  will  take  place ;  if,  however, 
x^  is  on  the  left  hand  side  of  L,  second  admission  will  take  place,  and 
the  arrangement  will  have  to  be  altered.  Further,  the  bars  of  metal 
between  cut-ofF  ports  can  be  taken  from  the  greatest  distance 
between  the  main  and  cut-ofF  eccentric  centres,  that  is,  in  this  case, 
from  K  to  B,  so  that  the  radius  of  circle  VIII.  will  give  the  greatest 
relative  movement  of  the  valves  on  each  other  and  the  least  possible 
distance  between  nearest  edges  of  ports ;  about  Jth  of  an  inch  or  more 
must  be  added  in  practice  for  safety. 

Hand  Adjustments  for  Meyer's  Valve  Gear. 


Figs.  601*,  602. 

Table  59.— Dimensions  of  Hand  Adjustments  for  Meyer's 
Valve  Gear  (Figs.  601*  602). 
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All  Dimensions  are  given  in  Inches. 

In  theabove  design  (fig.  601*)  the  hand-wheel  is  rather  small;  theboss 
is  therefore  made  hexagonal,  so  that  a  spanner  may  be  used  if  required. 
*  q'lB  for  cut-oflF  varying  from  0  to  '73. 
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Hand  Adjustment  for  Meyer's  and  Bider's  Valve  Gears. 

Fig.  603. 


Fig.  60a 


Fi<.  609. 


Fig,  610. 


Fig.  61U 


Meyer's  valve  gears. 


195 


Figs.  C12,  613. 


Table  60.— Dimensions  of  Hand  Adjustment  for  Meyer's 
Valve  Gear  (Figs.  612>  613). 
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VALVE  GEARS. 


Rider's  Valve  Gear. 

Rider's  valves  differ  from  Meyer's  in  having  the  working  edges  of 
the  cut-off  valve  formed  as  a  right  and  left  hand  screw,  the  valve 
itself  being  turned  partially  round  in  its  seat,  so  as  to  give  the  same 
effect  as  the  separate  valves  of  Meyer  moved  further  apart  or  nearer 


Fig.  62a 

together  by  means  of  the  right  and  left  hand  screws  and  nuts.  The 
effect  is  the  same  if  the  valve  is  a  flat  plate  with  edges  inclined  right 
and  left,  fig.  620 ;  if  the  plate  be  moved  down  the  distance  L  —  i  ia 
decreased,  and  if  the  plate  be  moved  upwards  increased. 


Fig.  621. 


Fig.- 622. 


Fig.  623. 


A  modification  of  Rider's  valve  by  Leutert  of  Halle  is  shown  in 
figs.  621 — 626.  The  cut-off  valve  is  in  two  parts,  c  and  d,  figs.  624 — 
626,  this  giving  short  steam  ports,  and  also  rendering  the  necessary 
adjustment  for  variation  of  expansion  of  less  range.  On  the  back  of 
the  main  valve  are  four  ports,  a^,  a^^,  6^,  h^^ ;  the  first  two  unite  into 
one  port  at  the  right  hand  end  of  the  valve,  and  the  two  latter  into 
one  port  at  the  left  hand  end  of  the  valve ;  the  cut-off  valve  has  a  square 


rider's  valve  gear. 
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spindle  by  which  it  is  turned  in  its  seat  to  vary  the  cut-oflf.    The 
two  parts  of  the  cut-oft  valve  are  kept  up  to  their  seat  by  springs,  h. 


Figs.  624—626. 

These  valves  are  usually  controlled  by  the  governor.  The  two 
halves  of  the  valve  form  a  kind  of  piston  valve,  and  should  work 
with  very  little  friction. 
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VALVE  GEARS. 


Connection  between  Aider's  Valve  Gear  and  the  Governor. 


Fig.  637. 


Fig.  640. 


Fig.  641. 


Fig.  642. 


The  connection  between  Rider's  valve  gear  and  the  governor  is 
shown  in  various  ways  in  figs.  637—642.  Figs.  637,  638,  show  a 
method  by  Starke  and  Hoffman,  with  cast-iron  guides  to  the  valve 
rods  ;  figs.  639,  640,  a  method  by  Leiitert;  figs.  641,  642,  a  method  of 
connection  with  a  kind  of  universal  joint,  to  allow  for  the  backwards 
and  forwards  movement  of  the  valve  rod. 
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Connection  between  Aider's  Valve  Gear  and  Governor. 


-^EEE^Si 


Fig.  643. 


Fig.  644. 


Fig.64& 


Fig.  646. 


G,  the  main  valT©  rod :  E,  the  cnt-off  valve  rod ;  R,  the  arm  to  wrhich  the  governor 
rod  is  attached. 
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Connection  between  Aider's  Valve  Gear  and  Governor. 


Figs.  649,  650. 
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Bemarks  on  the  Oovemor  Bracket  (Figs.  651—663). 

The  combined  governor  bracket  and  valve  rod  guide  on  the  next 
page  may  be  taken  as  an  example,  a  somewhat  complicated  piece  of 
designing,  but  at  the  same  time  a  substantial  fixing  for  the  governor, 
driving  gear  and  guides.  In  engine  design,  especially  with  hori- 
zontal girder  engines,  it  is  well  to  have  as  few  fixings  on  the  girder 
as  possible,  for  neatness  and  other  obvious  reasons.  The  whole  of 
the  governor  gear  and  attachment  to  the  valve  rod,  in  this  case,  can 
be  fitted  up  together,  ready  to  bolt  on  the  engine  girder.  In  cases 
where  a  feed-pump  is  fitted  to  the  engine,  the  barrel  can  often  be 
made  in  the  same  casting  as  the  valve-rod  guides  with  the  necessary 
valve  boxes  bolted  on.  This  forms  a  very  compact  arrangement,  and  if, 
as  may  happen,  the  pump  centre  comes  far  out  from  the  girder,  a  stay 
of  wrought  iron  can  be  fitted  from  the  pump  casting  to  the  slide 
valve  chest  to  take  the  thrust  of  the  pump. 

£y  making  the  flanges  at  both  ends  of  the  pump  barrel  of  the  same 
size,  the  pump  can  be  used  for  both  right-  and  left-hand  engines,  a 
very  important  point  in  the  economical  manufacture  of  steam 
engines,  and  in  many  other  machines. 

In  figs.  651—663  one  of  the  valve- rod  guides  is  shown  bushed 
with  brass  or  bronze.  If  both  guide-plunger  and  guide  are  of  cast 
iron,  there  is  certainly  no  necessity  for  this,  although  it  is  often  con- 
venient for  the  owner  of  an  engine  to  have  such  guides  bushed,  even 
if  it  is  only  with  cast  iron,  in  order  that  new  bushes  can  be  supplied 
by  the  maker,  without  having  to  supply  a  new  bracket,  with  a  risk 
of  variation  in  the  centres,  causing  trouble  and  delay. 
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Combined  Bracket  for  carrying  Governor  and  Valve-Bod 
Guides  (Figs.  651—663). 


bider's  valve  oeab. 
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Valve  Bod  Ghiides  and  Joints 

Pigs.  664—668. 


Figs.  669-671. 


Figs.  672-675. 


Figs.  676,  677. 


Figs.  678—681. 
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Figs.  664  to  685  show  a  variety  of  examples  of  valve- rod  joints 
and  guides.     That  shown  in  ^g,  685,  is  a  very  useful  form  when  the 


Fig.  685. 

eccentric  rod  and  valve  rod  are  not  in  line,  the  guide  plunger,  P,  valve 
rod  and  joint,  J,  being  in  one  forging,  and  turned  in  the  lathe  on 
two  centres^  A,  A  ;  this  form  is  used  in  locomotives. 


Fig.  6856. 


Fig.  685a. 


Fig.  585a  shows. an  eccentric  in  halves  joined  by  cottered  bolts  ; 
the  head  of  the  bolt  B  is  turned  with  eccentric  sheave  when  the 
two  halves  are  bolted  together.  This  method  saves  room,  and  is 
suitable  for  many  small  eccentrics  where  there  is  no  space  for  bolts, 
as  in  fig.  693.  Fig.  6866  shows  an  arrangement  for  working  two 
rods  off  one  strap,  V  and  a.  This  is  sometimes  useful  in  small, 
vertical  engines,  where  the  feed  pump  and  slide  valve  have  to  be 
worked  off  one  eccentric,  the  pump  rod  being  jointed,  as  shown,  to 
the  outer  end  of  the  strap. 

p  2 
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Pig.  no. 


pig.m. 


Pig.  712. 


Pig.  718 


faecot's  valve  gear.  221 


Farcot'a  Valve  Gear. 


The  expansipn  valve  B,  fig.  712,  is  here  loose  on  the  back  of  the 
main  valve  A,  and  is  dragged  along  by  friction  with  the  latter ;  the 
distance  to  which  the  expansion  valve  is  carried  is  determined  by  the 
position  of  the  cam  C,  figs.  711  and  712  ;  the  range  of  variation  in 
this  gear  can  be  from  •©  to  '4.  The  limit  of  the  latest  cut-oflf  is  when 
the  crank  is  at  O  G,  fig.  710,  and  is  dependent  on  the  angle  of 
advance.     The  valve  diagram  is  constructed  as  follows  :— 

d  =  the  angle  of  advance  of  main  valve  eccentric  ;  r  =  the  radius 
of  eccentricity  of  main  valve  eccentric  ;  x  =  the  smallest  diameter  of 
the  cam,  f''tol^;L-Z  =  r  +  a^;  then 

X,  =  L  —  Z  -  r  sin.  d  =  the  greatest  diameter  of  the  cam. 

2ik=2(L  -l)  -tty 

Oi  =  <  2(L  -  I  -aj. 

When  these  equations  are  satisfied,  the  port,  a^,  will  be  fully  open 
when  2  is  at  its  least  value.  The  opening  of  a^  is  usually  too  small, 
so  that  two  or  more  ports  are  required. 

Quhrauer^s  valve  gear  is  shown  in  fig.  713,  and.  is,  in  effect,  similar 
to  that  of  Meyer. 
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Piston  Valves. 
Piston  valves  have  been  the  subject  of  much  ingenuity  for  many 
years,  and  at  length  are  fairly  well  established  in  marine  and  other 
engines,  where  steam  of  very  high  pressure  is  used,  especially  for 
the  high  pressure,  cylinder  of  triple  expansion  enginea 


Fig.  714. 

An  example  is  shown  in  fig.  714  for  a  simple  valve  gear :  C  C  are 
the  steam  ports,  one  at  each  end  of  the  cylinder;  B,  the  steam 


m^\\\\\^^\^'^^^j,^,^^j 


^"--- 


PieiohValye 


W///^2^zm^^^S^^ 


Rg.  715. 

supply ;  A,  the  exhaust.  Other  examples  are  given  in  figs.  715,  716, 
and  fig.  717  shows  an  outside  view  of  the  cylinder  of  an  engine  of  5'  7^ 
stroke,  with  the  piston-valve  case  bolted  on  by  means  of  flanges. 

Figs.  718  —  727 


show  an  example  of 
a  piston  valve  for 
Rider's  valve  gear 
for  an  engine  of 
5' 7^  stroke,  2' 7^ 
diameter  of  piston, 
and  58  revd.  per 
minute.  The  varia- 
tion of  cut-off  is 
from  -0  to  '6,  and 
the  valve  is  turned 
through  an  angle  of 
36"  by  the  governor. 


^ 


^^ 


Sham  ey/zrrz/^r 


— I 

Fig.  717. 


^ 


MSTON  VALVES. 
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Beversing  Gears. 

Reversing  gears  are  chiefly  used  on  locomotives,  marine  and  wind- 
ing engines,  also  on  tractioa  engines  for  common  roads  and  steam 
road-rollers.  The  prevailing  type  of  reversing  gear  is  the  ordinary 
link  motion  of  Stephenson  or  some  modification  of  the  same,  but 
other  types  are  used  for  special  purposes.     Stephenson's  link  motion 


is  shown  in  diagram  in  fig.  728 ;  on  the  shaft,  0,  two  eccentrics,  O  V, 
O  R,  are  keyed  ;  a  rod  from  each  of  these  eccentrics  is  attached  to  the 
ends  of  the  link  or  sector  F,  one  rod  to  each  end. 

A  block  free  to  slide  in  the  link  F  is  attached  to  the  end  of  the 
valve  rod.    By  means  of  the  hand  lever,  H,  and  a  system  of  rods,  the 


Open  rocLs 


Crossed,  rods 


Fig.J80. 

link  can  be  raised  or4owered,  so  as  to  bring  either  eccentric  rod  in 
line  with  the  block ;  it  will  be  seen  that  the  two  eccentrics  are  set 
80  that  one  will  run  the  engine  backwards,  the  other  forwards.    If 
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the  link  is  in  its  highest  or  lowest  position,  the  valve  will  receive  the 
full  stroke  of  one  of  the  eccentrics  ;  if  the  link  is  in  any  other  posi- 
tion, the  stroke  of  the  valve  will  be  reduced,  if  the  link  is  in  a  mean 
position^  then  the  valve  will  receive  the  minimum  amount  of  stroke. 
There  are  two  ways  of  setting  this  valve  gear,  one,  with  open  rods, 
fig.  729,  the  other,  with  crossed  rods,  fig.  730 ;  the  angle  of  advance, 
d,  is  usually  made  the  same  for  both  forward  and  backward  eccentric. 
The  effect  of  open  and  crossed  rods  on  the  distribution  of  steam  is 
shown  iu  the  valve  diagrams^  figs.  732,  733. 


Fig.  781. 

In  fig.  .731, 

r  s  the  radius  or  half  stroke  of  both  eccentrics. 

d  =  the  angle  of  advance. 

c  B  the  half  length  of  the  link  measured  from  the  centre  line  to 

the  point  where  the  eccentric  rod  is  attached. 
tt  « the  distance  from  the  centre  of  the  block  to  the  centre  of  the 

link,  u  is  positive  when  the  link  is  down  and  negative  when 

the  link  is  up. 
I  =  the  length  of  the  eccentric  rod. 
q  =  the  radius  of  the  link. 
l*  =  the  length  of  the  valve  rod. 
for  a  chosen  position  of  the  crank  corresponding  to  an  angular  move- 
ment W,  gives  for  X^,  (mean  X) — 

X«  =  ^  +  ^1  -  1^  COS. «  d  +  (c«  -  tt«)  -^  =  L. 

The  link  should  be  curved  to  a  radius  equal  to  the  length  of  the 
eccentric  rod. 
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Stephenson's  Link  Motion  with  Open  Bods« 
(^  natural  size.) 
¥         S  S.  ^ 


Pig.  732 


(a  =  1  '18  ins. ;  r  =  2*36  ina.  ;  Z  =  56  ins.  ;  c  =  5*9  ins. ;  e  =  -95 
ins.  ;  i  =  '27  ins.) 


(a)  =  irpin.  d+--^ 


-  COS.  b  I 


(6)  =  ^  r  ^  COS.  d 


For  u  max.  =  c,  fig.  731  : — 
Full  gear  forwards.  Mid  gear.  Full  gear  backwards. 

K)  =  i  »•  sin.  d    (ao)  =  J  r  sin.  d  +  J  r  ~  cos.  b  {a^  =^\r  sin.  d 


&*)    =  i  »•  COS.  d    (6o)  =  0 


(6J  .-=  —  J  r  COS."  d 


STEPHENSON  S  LINK  MOTION. 
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Stephenson's  Link  Motion  with  Crossed  Bods. 

(J  natural  size,) 


Pig.  788 


(a  «  1*18  ins. ;    R  =  2*36  ins. ;  i  =  56  ins.;  c  =  5*9  ins. ;  e  =  '95 
ina. ;  i  =  -27  ins.) 

{a)  =  ir  (sin.  d  -  ^ItL^^cos. d)  (h)  ='i r  ^  cos. d 

For  It  max.  =  c,  fig.  731  : — 

Fall  gear  forwards.  Mid  gear.  Full  gear  backwards. 

(aj  =  i  r sin. d      (do)  =  Jr  sin.  d  -  J r-?  cos.  a      (aj  =  4 r  sin.  d 

(6J=ircos.d      (60)=  0  (&J  =  -ircos.d 

Q  2 
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For  the  distance,  x,  from  the  centre  of  the  port  face  to  the  centre 
of  the  valve,  fig.  731,  we  have  the  following  approximate  formulaa : — 
For  open  rods, 

'  x=:r  (sin.  d  +  ^  ".^   coa  d )  cos.  w  +  -^^ cos.  d  sin.  ta 
\  cl  J  c 

For  crossed  rods, 

X  =ir  (sin.  d  -  ^  ^,^    cos.  d )  cos.  w  —  ^^  cos.  d  sin.  w. 
V  cl  /  c 

These  equations  may  be  expressed  for  Polar  co-ordinates  : — 
For  open  rods, 

(a)  =  ir  (sin.  d  +  -^^  cos.  d)  ; 

(ft)  =  J  r  —  COS.  a. 
For  crossed  rods. 

(a)  =  ir  (sin.  d  -    ^  ^/*    coa  d) ; 

(h)  =  Jr-  COS.  d. 

Thus  we  have  the  equation  of  a  circle  which  passes  through  the 
centre  point 

If  we  now  take  u  max.  =  C,  and  have  9  equi-distant  notches  in 
the  notch  plate  for  the  reversing  lever,  we  have  the  following  values 
of  u  for  the  nine  different  positions  : —    • 

With  open  rods.  With  crossed  rods. 

« =  C  \ 

^  =  ?  ^      I     Forwards 
u=^0  Mid-gear 

«*  =  -  i  c  f     Backwards 

u  =  —  e     ^ 
further  these  values  give  : — 

With  open  rods.  With  crossed  rods. 

Full  gear  forwards, 
(o)  =  J  r  sin.  d,  (a)  =  ^r  sin.  d, 

(6)  =  J  r  COS.  d.  (^)  =  i  *•  COS.  b. 

Hid  gear. 

(o)  ==  J  r  sin.  a  +  i  r  4  COS.  a,  (a)  =  J  r  sin.  d  -  J  r4-  coa  ^i 
(6)  =  0.  ^  (6)  =  0.  ' 

Full  gear  backwards, 
(a)  =  ^  r  sin.  a,  (a)  =  J  r  sin.  a, 

{b) i  r  COS.  a.  (6)  =  _  J  |.  COS.  a. 


STEPHENSON'S  LINK  MOTION. 
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From  the  diagram  fig.  732,  it  will  be  seen  that  the  port  is  only  full 
open  to  steam  when  the  link  is  in  either  extreme  position,  in  any 
intermediate  position  the  port  is  only  partially  opened;  on  this 
account  it  is  usual  tu  make  the  ports  very  wide.* 


Fig.  734. 


Fig.  785. 


Fig.  784.— Link  motion  revening  gear,  by  Fins  Fink,  with  one  eccentric,  one  link, 
and  one  yalre. 

Fig.  785. —Link  motion  reversing  gear,  by  Hensinger  Yon  Waldegg,  with  one  eccentric, 
one  link,  and  one  yalve. 


Fig.  736.— Link  motion  reyening  gear  by  Poloncean,  with  two  links  and  two  valves. 


•  A  full  description  and  analysis  of  these  link  motions  will  be  found  in 
Zeoner's  *'  Treatise  on  Valve  Gkars,"  translated  by  Moritz  Muller.  London  : 
Spon, 
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Allaxi*8  straight  Link  Motion.- 


Fig.  738. 
With  open  rods. 


(a)^ir  (sin.  b  +  ^'"^^* cos. a)      (a)  =  ir  (sin.  b  - 


Kg.  739. 
With  crossed  rods. 


ncl 


-COS. 


') 


(b)  =  !:yrcos.a-c^^"/>sin.a1    (6)=:^rcos.a  +  c<!?-i^)8in.al 

thus, 

f         I    \ 


n=l+   ii-4 


and  therefore, 


1  + 


^/^7p 


The  distinguishing  feature  of  Allan's  straight  link  motion  revers- 
ing gear,  fig.  737,  is  that  the  link  is  a  straight  bar,  not  a  curved 
sector,  and  that  link  is  raised  and  the  block  lowered  simultaneously 
by  a  system  of  levers,  the  diagrams,  fig.  738,  739,  show  that  the  dis- 
tribution of  steam  is  much  the  same  as  with  the  Stevenson's  link 
motion,  but  the  lead  is  more  nearly  constant  for  all  jwsitions  of  the 
link. 


GOOCH  S  LINK  MOTION. 
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Oooch'a  Link  Motion* 

This  link  motion  reversing  gear,  fig.  740,  is  sometimes  called  the 
"  fixed  link  "  motion,  as  the  link  is  suspended  from  a  fixed  point,  and 
is  not  moved  up  and  down,  the  reversing  action  being  obtained  by 
moving  the  block  up  and  down  in  the  link. 


Fig.  740. 

Crossed  rods  give  the  same  distribution  of  steam,  and  are  seldom 
used  with  this  motion. 


Fig.  741. 


'With  crossed  rods. 


With  open  rods.  „  .,,„  ^y^j^scu  ruus. 

(a)  =  ir  (sin.  d  +  i-  cos.  a),  (a)  =  i  r  (sin.  d  -   |.  cos.  d), 

(6)=^:^(cos.d-  £-sin.  a).   (6)=|^(cos.a+  |sin.a) 

t*  =  +  c  Full  gear  forwards    u  =  —  c, 
u  =  0     Mid  gear  u  =  0, 

u  =  -  c  Full  gear  backwards  u  =  +  c. 
In  the  diagram,  fig.  741,  for  open  rods  all  the  centres  of  the  valve 

circles  lie  in  a  straight  line,  therefore  the  lead  and  cut-off  are 

constant. 
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Reversing  Gears^ 


Figs  748,  749. 

Reversing  levers  are  of  various  designs ;  figs..  742  and  749  show 
two  ordinary  types,  that  in  fig.  749,  has  the  advantage  of  having  the 
spring,  S,  low  down*  out  of  the  way  and  also 
the  hand  lever,  H,  is  carried  up  well  above 
the  handle  of  the  catch,  S,  so  that  both  hands 
may  be  used  on  the  lever. 

A  simple  arrangement  for  reversing  the 
direction  of  running  in'small  engines,  such  as 
agricultural  engines,  but  one  that  requires  the 
engine  to  be  stopped  to  effect  the  reversal,  is 
that  of  having  a  disc  keyed  on  the  shaft,  6, 
fig.  751,  and  a  bolt,  a,  to  fix  the  eccentric  to 
the  disc ;  a  slot  in  the  eccentric  allows  it  to 
be  put  over  in  position  for  forward  or  back- 
ward running. 


760,  761. 
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'  One  form  of  reveTsiiig  gear  which  has  been  used  on  small  marine 
engines  consists  of  a  sleeve^  a,  fig.  752,  loose  on  the  crank  shaft,  the 
eccentric,  &,  is  fixed  on  the  sleeve,  a,  and  a  stud  in  e  engages  in  a 
thread  cnt  in  the  shaft,  so  that  when  c  is  slid  along  on  the  shaft  it 
causes  the  eccentric  to  turn  round  sufficient  to  reverse  the  engine. 


Kg.  762. 


Fig.  768. 


Another  form  of  i^versing  gear  with  a  loose  eccentric,  fig.  753,  has 
been  largely  used  in  oscillating  paddle  engines.  The  eccentric  is  free 
to  revolve  on  the  shaft  between  limits  formed  by  a  stop,  «,  the  eccen- 
tric is  moved  for  reversing  by  means  of  the  lever,  H,  the  valve  rod 
being  disengaged  from  the  eccentric  rod  first  by  a  device  known  as 
a  "gab  ^  and  catch  ;  it  is  usual  to  balance  the  weight  of  the  eccentric 
by  a  plate  or  disc  on  the  opposite  side  of  the  shaft,  in  order  to  lessen 
the  labour  of  reversing. 


Valve  Gears  with  Musliroom  and  Double-beat  Valves. 

Theae  valve  gears  would  seem  to  be  elaborations  of  the  original 
Cornioh  double-beat  valve  gears,  they  are  usually  rather  complicated, 
and  are  therefore  not  very  largely  used  ;  the  valves  of  this  kind  are 
used  in  large  winding  engines,  and  are  capable  of  being  controlled 
either  automatically  or  by  hand.  Sections  of  the  valves  and  seats 
are  given  in  figs.  754  to  761. 

These  valves  were  formerly  made  of  gun  metal,  but  now  almost 
exclusively  of  cast  iron  ;  the  valve  seating,  also  of  cast  iron,  should  be 
especially  massive,  to  avoid  the  possibility  of  their  getting  out  of 
truth.  The  seatings  arfe  frequently  cast  in  one  with  the  cylinder, 
and  require  care  in  the  disposition  of  the  metal,  in  order  to  secure 
sound  castings.  Some  examples  of  the  ordinary  arrangements  of 
these  valves  are  shown  by  figs,  762—766  in  outline. 
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Mushroom  and  Double-beat  Valves.^ 

Scbwelz  Locomotive  and  Engine  Works.  8ocin  and  Wick«.  Basel. 


Fig. 


Fig 
lb5 


Societe  Anonyme  dc  Marclnelle  ct  CowUet,  Belgium.       Bocidt6  de  I'Honie,  St.  Jtdien. 
Gorlitzer  Engine  Works.  C.  Nolet,  Ghent 


Fig  758. 


H-|g.  759. 


Pusey,  Jones  &  Co.,  New  York. 


Fig.  760 


Pig.  761. 


GSrlitzcr  Engine  Works. 


*  These  sections  are  from  Uhland's  **  Corliss  Valve  Engines." 
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^  |-  f^ 

-  - i- .^    Fig.  162. 


3   Pig.7«S. 


_J^. Fig.  764. 


Pig.  7(J2.— The  two  admission  ralves  above,  two  exbanst  valves  below.     A  very 
common  arrangement— for  example,  GOrlitz,  Sulzer,  Ac. 

Fig.  768. —The  two  admission  valves  and  the  two  exhaust  valves  on  the  top  of  the 
cylinder. 

Fig.  76i.— The  case  for  the  valves  bolted  on  to  the  side  of  the  cylinder. 
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Valve  QeBXf  with  Valves  driven  by  an  Eccentrio 
(Figs.  765,  766). 

Pig.  7«6. 


Kg.  766. 


The  above  arrangement  (figs.  765,  766)  were  much  naed  in  wind- 
ing engines — 

E  E,  the  steam  valves 
D  D,  the  steam  ports. 

The  valve  motion  is  obtained  by  means  of  an  eccentric  and  bell 
crank  levers.  The  valve  spindles  are  fitted  with  weights  on  their  upper 
ends,  to  ensure  prompt  closing.  As  this  valve  gear  works  exactly  in 
the  same  manner  as  an  ordinary  slide  valve  gear,  a  link  may  be  in- 
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tzoduced^  and  the  'whole  used  as  a  reversing  gear  or  for  a  vaiiable 
cut-off. 

In  fig.  766, 
^  =  the  stroke  of  the  valves. 
V  =  the  lead« 

$  =  the  amount  of  play  between  the  end  of  the  lever  and  the 
slot  in  the  valve  spindle  when  the  eccentric  is  in  the  mean 
position. 
d^  —  the  diameter  of  the  admission  valve. 
h^  ^  stroke  of  admission  valve. 
l^  =  length  of  lever  for  admission  valve. 
I  =  length  of  lever,  see  fig.  765. 
(2,  =  diameter  of  the  exhaust  valve. 
h^  =  stroke  of  exhaust  valve. 
1^  =  length  of  lever  for  exhaust  valve. 

then  we  have — 

^=^;r=  ,i(;i  +  0;rsin.d  =  i(«  +  t;);  sin.a=  /JiijO 
h     \         K  h,  h     r 
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Valve  Gear  with  Cam  Motion. 

Fig  767. 


Fig.  768, 

In  figs.  767, 768, 

A  A,  are  the  exhaust  valves. 

E  E,  the  admission  valves. 

Dj  Di,  the  cams  for  the  exhaust  valves. 

D  D,  the  cams  for  the  admission  valves. 

S,  the  cam  spindle. 

B,  the  rollers  at  end  of  valve  levers  and  resting  on  the  cams. 

F,  the  springs  for  closing  the  valves. 


CONSTRUCTION  OF  THE  CAMS. 
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Construction  of  the  Cams  (Figs.  769—773). 


lH:>  /"^\^^- 


Fig.  76ft. 


Fig.  770. 


Fig.  771. 


Fig.  772. 


Fig.  773. 


Fig.  769.— Diagrrun. 

Fig.  770.— Exhaust  at  left  hand. 

Fig.  771. — ^Admission  at  left  hand. 


Fig.  772.— Admission  at  right  hand. 
Fig.  773.— Exhaust  at  right  hand. 


In  the  diagram  fig.  769,  the  cut-off  is  taken  at  '3  then  let 
V  =  the  angle  for  lead.  /  =  the  angle  for  cut-oE 

a  =  the  angle  for  exhaust      c  =  the  angle  for  compression. 

The  cam  spindle  is  shown  in  section,  and  the  circle  giving  the 
position  of  rest  and  the  half  circle  of  the  roller  are  drawn  in.  If  the 
cut-off  is  to  be  varied  either  by  hand  or  by  the  governor,  both  admis- 
sion cams  are  made  of  screw  form,  and  the  cam  spindle  is  moved 
lengthways  to  alter  the  cut-off. 
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Musliroom  Valve  Gear  with  Positive  Motion  to 
the  Valves. 

Hartting's  Patent,  made  by  the  Harzer  Co.,  Nordhausen,  and  the 
Bnckau  engine  works,  Magdeburg.    Fig.  VV5. 

The  arrangement  of  this  valve  gear  is  as  follows  :  an  eccentric,  r, 
with  an  elongated  ring,  g,  is  keyed  on  the  valve  shaft  5  on  the  elonga- 
tion of  the  eccentric  ring  is  a  pin,  s,  with  a  block  which-  slides  in 
the  link,  c,  this  link  is  moved  as  shown  in  dotted  lines,  figs.  774, 
775,  by  means  of  the  rod,  n,  in  connection  with  the  governor ;  at 
the  end  of  p  is  a  pin,/,  to  which  the  rod,  6,  is  attached  ;  the  upper 
end  of  the  rod,  6,  is  attached  to  the  lever,  %  h,  this  lever  being  con- 
nected to  the  admission  valve  spindle,  but  resting  only  on  the 
fulcrum  bracket  In  fig.  775,  the  engine  is  supposed  to  be  at  the 
dead  point,  and  the  valve  open  only  to  the  extent  of  the  lead,  and 
the  governor  is  at  its  lowest  position  corresponding  to  the  latest  cut- 
off, '9  of  the  stroke  ;  the  pin,  s,  is  so  arranged  that  the  link  may  be 
moved  without  affecting  the  lead. 

.  £y  the  motion  of  the  valve  shaft  when  the  engine  is  running,  the 
eccentric  moves  in  the  direction  of  the  arrow,  and  causes  the  end 
-with  the  pin,  /,  to  move  up  and  down,  thus  opening  and  closing  the 
valve  by  means  of  the  rod,  6,  and  lever,  *,  h.  By  this  motion  the 
pin,  «,  slides  in  the  link,  c,  and  if  the  governor  rises,  the  link  is 
turned  from  right  to  left,  by  means  of  the  rod,  w,  and  then  the  pin, 
«,  is  no  longer  guided  in  a  horizontal  but  in  an  inclined  direction, 
causing  the  path  of  the  point,  /,  to  be  altered,  and  not  to  extend  so 
far  below  the  horizontal  line  during  the  opening  of  the  valve  ;  this 
difference  causes  the  valve  to  close  sooner,  and  to  give  an  earlier  cut- 
off; when  the  governor  is  at  its  highest  position,  the  point,/,  does 
not  go  below  the  horizontal  line,  and  consequently  there  is  no 
admission  of  steam. 
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Widnxnann's  Patent  Mushroom  Valve  Gear  with  Positive 
Motion  to  the  Valves. 


Fig.  776 


inrSHfiOOM  VALVE  aEAfi. 
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lEuahroom  Valve  Gear  with  Positive  Motion  to  Valves. 

H.  Widnmann's  Patent,  MimiclL    Fig.  776. 

The  eccentric  for  giving  motion  to  the  yalvea  in  this  gear  is  keyed 
on  a  side  shaft,  and  has  a  long  rod  connected  t!o  a  lever  turning  on  a 
fixed  point  for  working  the  eihaust  valve ;  this  renders  any  motion 
taken  from  the  eccentric  ring  to  be  definite ;  a  short  pair  of  links, 
A  B,  fig.  776,  are  jointed  to  the  upper  side  of  the  eccentric  ring,  and 
to  the  lever,  B  F  C,  and  the  rod,  C  D,  gives  motion  to  the  admission 
valve  through  a  rod  and  lever.  The  lever  arm,  E  F,  is  keyed  on  a 
spindle,  and  this  spindle  is  turned  by  the  governor.  By  turning  the 
spindle,  E,  a  varying  inclination  is  given  to  the  arm,  E  F,  and  there- 
fore also  to  the  links,  A  B,  and  by  this  means  the  period  during 
which  the  valve  is  open  is  altered,  and  an  earlier  or  later  cut-off 
obtained. 

In  order  that  the  lead  may  be  as  nearly  constant  for  all  variations 
in  the  cut-off;  the  centre  of  the  spindle,  E,  should  be  the  centre  of  a 
circle,  which  approximately  represents  the  path  of  the  point,  F. 


as 
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O.  Bccke's  Patent  Valve 
Gear. 


0.  becke's  valve  gear.  245 


Mushroom  Valve  Oear  with  Positive  Motion  to  the 
Valves. 

The  eccentric,  a,  fig.  V78,  0.  Recke*B  Patent,  moves  the  exhaust 
valve  by  means  of  the  roller  levers,  o  and  p^  and  the  admission  valve 
through  the  pin,  h. 

The  governor  lever,  g  A,  turns  on  the  pin,  g,  which  also  carries  the 
lever,  5f/,  the  point /forms  a  turning  point  for  the  lever, /e  c,  con- 
nected to  eccentric  ring  at  6,  by  the  rod  6  c,  and  also  connected  by 
d  « to  the  lever  dik;  at  k  this  lever  is  connected  with  the  upper 
lever,  I  m  n,  which  moves  the  admission  valve  ;  gfyde,  and  h  c,  are 
of  equal  length,  and  in  the  opening  position  of  the  valve  parallel  to 
one  another. 

This  valve  gear  gives  a  very  nearly  constant  lead,  and  a  sufficient 
opening  of  the  valves  for  the  normal  cut-off  without  excessive  open- 
ing for  the  early  cut-off^  and  very  little  back  pressure  on  the 
governor. 


:Bf    (fi  so     49      30    20  ^  §% 

fig  779.— Tain  diagram,  dtaim  b;  a  model  ot  the  valve  gear. 
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Kuelienbecker*s  Valve  Oear. 
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'    Suchenbecker's  Patent  Kushroom  Valve  Gear  with 
Positive  Kotion  to  the  Valves. 

The  shaft,  e,  fig.  780,  is  turned  in  the  direction  of  the  arrow  by 
gearing  from  the  crank  shaft,  and  carries  an  eccentric  which  gives  a 
vibrating  motion  to  the  link,  /.  The  sliding  block,  /,  in  this  link, 
by  means  of  the  rods,  i^  i,  and  d^  gives  the  necessary  motion  to  the 
admission  valve. 

The  double  lever,  5,  h^  communicates  the  motion  by  means  of  the 
arm,  c,  which  is  connected  to  the  rod,  d ;  the  arm,  c,  acting  against 
6,  opens  the  valve,  and  acting  against  ftj,  closes  the  valve  ;  fig.  781 
shows  the  position  of  the  levers  with  the  valve  open,  fig.  782  with 
the  valve  closed.  The  rod,  dy  is  connected  to  the  link  at  j?,  for  open 
ing  and  closing  the  exhaust  valve. 

.  The  governor  alters  the  position  of  the  block  in  the  link,  /,  by 
means  of  the  lever,  n  o,  and  the  rod,  m,  and  varies  the  cut-off. 

The  movement  of  the  valves  is  very  quick,  and  is  positive,  without 
the  aid  of  dash  pots  or  springs  for  either  opening  or  clo&mg. 
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Proell'8  Patent  Musliroom  Valve  Gear  with  Positive 
Motion  to  the  Valves. 


Fig.  782. 

This  gear  consists  essentially  of  valves  driven  by  an  eccentric  ;  a 
point  in  tli6  eccentric  ring  moves  .in  a  closed  curve,  and  by  means  of 
an  adjustable  lever  connected  to  the  governor  the  cut-off  is  varied  ; 
by  this  peculiar  motion  the  valves  move  with  varying  speed  to 
and  from  their  seatings,  and  open  and  close  quietly.  The  exhaust 
valve  is  by  levers  attached  to  the  eccentric  ring,  as  shown  in  fig.  782 


E.  KONIG'S  VALVE  GEAR. 
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£•  Kdsig's  Mushroom  Valvf^  Gear^  with  Positive  Motion  to 
the  Valves."^ 


Fig.  788. 

The  eccentric  ring  in  fig.  783  is  made  with  a  projection,  h,  and  is 
jointed  at  gr  to  an  arm,  c,  which  swings  on  a  fixed  point,  d ;  the 
admission  valve  is  moved  by  the  rod,  /,  resting  against  the  eccentric 
ring,  6,  the  position  of  /  is  altered  by  the  governor,  and  varies  the 
cut-off 

•  Dingler^s  "  Polytechnic  Journal,"  No.  3,  1888. 
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Oamerith'8  Patent  Valve  Gear,  with  Trip  Arrangement 
by  Stark  A  Hoffinan,  of  Hirschberg. 


Fig.  78-L 


The  valves  in  fig.  784  are  worked  by  the  cam,  a,  the  admission 
valve  is  lifted  by  means  of  the  catch,  c,  this  slides  away  and  aHows 
the  valve  to  fall  at  different  positions  determined  by  the  governor, 
which  raises  the  piece  on  which  the  catch  acts  #by  means  of  the  rods 
^,  i  and  k,  and  thus  alters  the  cut-off.  The  exhaust  valve  is  worked 
by  the  same  cam,  a. 


SULZER'6  VALVE  GEAR. 
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Sulzer'8  Valve  Gear,  with  Trip  Arrangement 
(Sulzer  Bros.,  Winterthur). 


Fig.  785. 

Fig,  786  shows  the  arrangement  of  valve  gear  by  Sulzer,  in  which 
the  "^ves  are  opened  by  an  eccentric,  and  provided  with  trip  gear 
by  which  they  are  allowed  to  close  by  means  of  a  spring. 
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Corliss  Valve  Gear. 

The  characteristics  of  .the  Corliss  valve  gear  are,  1st,  that  there  are 
two  separate  admission  valves  and  two  separate  exhaust  valves ; 
2ndly,  that  the  admission  valves  are  opened  by  an  eccentric,  then 


Pigs.  786, 
787. 


released  and  suddenly  closed  by  either  weights,  springs,  or  dash  pots; 
3rdly,  that  the  valves  are  cylindrical,  and  have  a  partial  rotatory 
movement  imparted  to  them. 

The  connection  between  the  eccentric  and  the  admission  valve  is 
generally  in  two  parts,  one  being  connected  with  the  valve,  the  other 
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with  the  wrist.plate,  which  receives  its  motion  from  the  eccentric  rod  ; 
during  the  opening  of  the  valves  the  two  parts  are  coupled,  but  to 
allow  the  valve  to  close  the  two  parts  are  suddenly  uncoupled. 

The  general  action  of  the  Corliss  valve  gear  is  shown  in  diagram 
in  figs.  786,  787.  The  centre  disc,  or  "  wrist  plate,'*  receives  an 
oscillating  motion  from  the  eccentric  rod,  a,  the  two  rods,  h  and  c,  are 
formed  into  springs  at  /,  /.  The  lever,  hy  is  connected  to  the  valve,  the 
connection  between  the  lever,  h,  and  the  rod,  c,  is  by  means  of  a  kind 
of  catch  or  detent  arrangement,  kj  g,  the  governor  acts  by  the  rods,  i,  t ; 
when  the  governor  rises,  the  rods,  t,  *,  are  pushed  down,  and  cause  the 
catch  to  slip, .  leaving  the  lever,  hy  disconnected,  and  allowing  the 
valve  to  be  closed  suddenly  by  dash  pots,  Ij  or  by  weights.  The 
position  of  the  governor  determines  the  time  of  release. 

Harris*  Corliss  Valve  Gear  (Figs.  788,  789). 
This  is  an  arrangement  veiy  much  the  same 
88  above,  but  modified  in  the  details,  the  rod, 
a,  receives  motion  from  the  wrist  plate,  the 
short  arm  is  free  to  turn  on  the  valve  spindle, 
d,atg  ISA  small  projection  against  which  the 
curved  arm,  /,  rests ;  the  backward  and  forward 
motion  of  the  rod,  a,  causes  the  /  to  slide 
against  g,  and  according  to  the  position  of  g 
(determined  by  the  governor)  depresses  /  and 
releases  the  catch,  e,  and  thus  allows  the  valve  to  be  closed  by  the 
dash  pot  or  weights. 


Fig.  788. 


Fig.  789. 
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Beynold^s  Corliss  Valve  Gear  (Fig.  790). 

The  arrangement  is  the  same  with  respect  to  the  general  features 
as  the  original  Corliss  gear,  the  wrist  plate  receiving  its  motion  from 

an  eccentric.  The  lever,  c,  fig.  790, 
is  loose  on  the  valve  spindle,  6,  and, 
I  together  with  d,  is  moved  by  the 
rod,  a ;  from  the  wrist  plate  on  d  is 
a  piece  of  steel,  e,  and  on  e  the  block 
/  rests,  this  block  is  on  lever  g, 
latter  being  fast  on  the  valve  spindle 
6.  The  spring,  7i,  serves  to  keep  the 
forked  lever,  d,  pressed  up  against/. 
Again,  6n  the  valve  spindle,  6,  is  the 
governor  lever  with  the  projection, 
I,  against  which  by  the  motion  the 
bell  crank  lever  presses  and  thus 
releases  the  catch ;  if  the  governor  ceases  to  act  by  the  strap  breaking, 
then  the  projection,  ik,  releases  the  valve,  and  no  more  steam  can 
enter  the  cylinder ;  the  usual  dash  pot,  or  weight,  for  closing  the  valve 
is  attached  by  the  rod,  i. 


Fig.  790. 


Fig  791. 


Fig.  792. 


Figs.  791,  792  show  an  arrangement  for  obtaining  the  release  of 
the  valve  without  the  use  of  springs.  The  releasing  lever  has  a  pin 
working  in  a  groove  on  a  disc  adjustable  by  the  governor. 


CORLISS  VALVE  GEAR. 
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Wheelock  Corliss  Valve  Gear  (Figs,  793,  794). 
In  this  arrangement  all  the  four  ports  are  brought  to  the  ends  of 
the  cylinder,  the  exhaust  valves  are  driven  direct  from  the  wrist 


Fig.  7J)5.  Fig,  794. 

plate  and  are  hollow,  fig.  794.    The  admission  valves  act  as  ex- 
pansion valves. 


Corliss  Valve  Gear,  by  J.  B.  Frikart,  Paris*  (Fig.  795). 

•The  exhaust  valves  are  worked  by  the  eccentric  and  levers  as  in 
fig.  795,  and  a  five-armed  lever  takes  the  place  of  the  wrist  plate 


.  JFnUnkliv 


Fig.  795. 

in  other  types  of  Corliss  gear,  The  upper  arms  of  this  lever  work  on 
the  double  arms.  A,  A,  these  are  free  to 
turn  on  the  bush  which  forms  the  bear- 
ing of  the  valve  spindle,  C,  fig.  796. 
On  C  the  tappet  lever,  D,  D,  is  firmly 
fixed  ;  this  lever,  D,  D,  has  on  one  side 
a  plate  of  hardened  steel,  and  on  the 
other  a  joint  and  rod  connected  to  the 
dash  pot  piston  for  closing  the  valve.  Fig  796. 

•  "  Zeitflchrift  der  Verein  deatacb.  Ingenieur,"  1890,  page  917. 
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Another  tappet,  E,  is  fixed  to  the  short  arm,  F,  fig.  796,  which  is 
free  to  turn  on  a  pin  fixed  to  A ;  a  small  rod  connects  the  angle 

lever,  H,  with  the  eccentric  rod, 
and  at  the  upper  end  of  H  a 
small  three-armed  lever,  I,  is 
jointed  ;  the  rods,  G,  G,  convey 
the  motion  from  H  to  the  arm 
F,  which  carries  the  tappet,  E  ; 
by  this  motion  E  comes  in 
contact  with  D,  and  opens  the 
valve ;  the  duration  of  the  open- 
ing lasts  until  the  inner  edge 
of  E  escapes  from  the  tappet  D, 
Fig.  797.  then    the    valve    closes.      The 

governor  is  connected  to  the  three-armed  lever,  I,  and  it  will  be  seen 
from  fig.  797  that  the  release  will  take  place  earlier  or  later  according 
to  the  position  of  the  lever,  F,  and  with  it  the  tappet,  E,  the  altera- 
tion of  position  for  the  variation  of  cut-off  being  effected  by  the 
governor.  The  curves  in  chain  dotted  lines  show  the  movement  lor 
the  earliest  and  lateot  cut-oflf. 


Fig.  798.  -Corliss  Engine  by  Thomas  Powell,  Rouen.* 


Figures  798,. 799,  and  800,  give  examples  of  the  general  arrange* 
ment  of  Corliss  gear  by  American  and  French  engineers.  With 
Corliss  valves  the  length  of  the  ports  is  very  nearly  equal  to  the 
diameter  of  the  cylinder.  The  area  of  the  ports  is  about  '07  of  the 
piston  area  for  the  admission,  and  -10  for  the  exhaust.  The  diameter 
of  the  valves  is  from  '25  to  '32  of  the  cylinder  diameter. 


''Zeitscbrift  der  Verein  deutsch.  Ingenieur,*'  1890  page  924, 


COBUSS  VALVE  GEAB. 
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Fig.  800.— American  Ck)rli8s  Engine.! 


^  <*Zeitsclirift  der  Yerein  deutsch.  Ingenieury"  1890,  page  924. 
+  Engineering,  1891,  page  750. 
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The  valve  spindles  either  pass  through  as  in  fig.  801,  or  are  merely 

gudgeons  as  in  fig.  802 ;  the  ends 
of  the  rods  are  provided  with 
adjustments  to  take  up  wear. 

The  dash  pots,  figs.  803,  804, 
have  working  cylinders  about  '6 
to  -6  of  the  diameter  of  the  engine 
cylinder,  and  the  dash  pot  proper 
about  -4  to  -3  of  the  cylinder 


Figs.  801,  802. 


diameter.  Small  adjustable  valves  are  provided  at  a  and  6,  to  regulate 
the  action  of  both  pistons ;  the  arrangement  shown  in  fig.  804  has 


Fig.  808. 


Fig.  804. 


the  advantage  of  being  noiseless  in  action,  but  is  not  so  cheap  to  make 
as  that  shown  in  fig.  803. 


Fig.  805.— Section  through  end 
of    cylinder    showing  arrange-   ^ 
ment  of  Corliss  valves,  hy  J. 
Farcot  Bros. 


CORLISS  VALVES. 
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Fig.  806.— Section  of  Coriiss  valve,  by 
Douglas  &  Grant,  Kirkcaldy. 


^ 


Fig.  807.— Section  of  Corliss  valve 
by  the  Sangerhauser  Engine  Works. 


Pigs.  806— 815.— Various  designs  for  wrist-plates  and  multiple-armed  levers  for  Corliss 
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Figs.  816,  817. —Sections  of  Corliss  Valves. 


Table  69.— Dimensions  of  Corliss  Valves  (Figs.  816,  817). 
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Figs.  818,  81P. -Section  of  Corliss  Valve. 


Table  70.— Dimensions  of  Corliss  Valves  (Figs.  818,  819). 
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Figs.  820,  821.— Corliss  Valve  Spindles. 


Table  7l.~Dimen8ions  of  Corliss  Valve  Spindles 

(Figs.  820,  821). 
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6  for  admisMon  valves. 
bi  for  exhaust  valves. 
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Figs.  824— 826.— Lever  Arms  for  Corliss  Valves. 


Table  73.— Dimensions  of  Lever  Arms  for  Corliss  Values 

(Figs.  824—826). 
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Figs.  827— 829.— Levers  for  Corliss  Valves. 

Table  74 — ^Dimensions  of  Levers  for  Corliss  Valves 

(Figs.  827—829). 
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Figs.  880-833.— Trip  gear  levers  for  Corliss  valves. 
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Figs.  834— 836.— Valve  Rod-End  for  Corliss  Valves. 


Table  76. — Dimensions  of  Valve  Kod-Ends  for  Corliss 
Valves  (Figs.  834—836). 
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Figs.  8S7—«89.— Valve  Rod- End  for  Coiliss  Valves. 


Table  77.— Dimensions  of  Valve  Bod-Ends  for  Corliss 
Valves  (Figs.  837—839). 
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Fig.  840.— Diagram  showing  Centres  of  Valve  Rods  for  Corliss  Valve  Gear. 


Table  78.~Diinen8ion8  of  Centres  of  Valve  Bods  for  Corliss 
Valve  Gear  (Fig.  840). 
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Pigs.  841,  842.— Wrist  Plate  for  Coriiss  Gear. 


Table  79.— BimeiLsions  of  Wrist  Plate  for  Corliss  Valve 
Gear  (Figs.  841,  842). 
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SECTION  V, 

CONDENSERS,  AIB-PTJMPS,  AND  FEED-PX7MPS. 

'  Condensers  are  divided  into  two  principal  classes :  (a)  Injection 
Condensers,  where  the  condensing  water  acts  in  direct  contact  with 
the  steam,  and  therefore  mixes  with  the  water  from  the  condensed 


Figs.  843— 849. 


Figs.  850  -  856. 


steam  ;  (6)  Surface  Condensers,  where  the  condensing  water  acts  on 
one  side  of  a  thin  waU  of  metal,  the  steam  being  in  contact  with  the 
other,  and  thus  the  water  from  the  condensed  steam  is  kept  separate 
from  the  condensing  water  ;  these  are  the  two  varieties  most  in  use. 
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A  few  special  methods  of  condensing  steam  are  occasionally  used  ;  of 
these  some  may  be  said  to  belong  to  the  class  (a),  others  to  the 
class  (b). 

The  earliest  examples  of  condensers  and  air-pumps  were  vertical 
and  single-acting,  and  were  generally  applied  to  beam  engines.  Wlien 
horizontal  engines  came  into  fashion,  the  air-pumps  were  ofiten 
vertical,  worked  by  means  of  a  bell-crank  lever ;  but  owing  to  the 
number  of  parts  required  to  drive  a  vertical  air-pump  from  a 
horizontal  engine,  the  simpler  method  of  putting  the  air-pump  sur- 
rounded by  the  condenser  horizontal,  and  in  the  same  line  as  the 
piston-rod,  and  driving  direct  from  the  tail  rod,  has  come  into  use  to 
a  large  extent 

An  objection  to  horizontal  air-pumps  driven  in  this  way,  has  often 
been  urged  against  their  use,  namely,  that  with  high  piston-speed 
engines,  the  speed  of  air-pump  bucket,  necessarily  the  same,  is  too 
high  lor  efficiency.     By  good  proportions  this  objection  can  be 

« moved,  and  even  speeds  of  800  feet  per  minute  have  been  used 
itt)  good  results,  especially  with  plunger  air-pumps  like  that  shown 
in  fig;  876,  taken  from  the  Allen  engine  made  by  Whitworth  &  Co. 

Figs.  843  to  856  show  in  diagram  several  methods  of  driving  air- 
pumps  from  both  horizontal  and  vertical  engines. 

(a.)  Ii^jector  Condensers  with  Air-Pomps. 


Fig.  857.— Vertical  Bucket  and  Plunger  Air-Pump  of  orcUnary  type. 


HORIZONTAL  AIR  PUMPS  AND  CONDENSERS.  27S 


Rgs.  858,  869.— Horizontal  Air  Pump  and  Condenser  with  Rectangular  Valves. 


Figs.  860,  861.— Horizontal  Air  Pump  and  Condenser  with  Rectangular  Valves,  made 
by  the  Prince  Rudolf  Iron  Works,  Dtilmen, 
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Figs.  862,  863.— Horizontal  Air  Pump  and  Condenser,  with  Rectangular  Valves  and 
Ii^jection  Nozzle,  and  Exhaust  Inlet  below  the  Barrel. 


Hom's'patent  air  pump  and  condenser,  made  by  G.  Brinkman  & 
Co.  of  Witten,  is  shown  in  section,  figs.  864—867  and  870—872  ;  the 
air  pump  piston  or  bucket  is  shown  at  the  right  hand  end  of  the 
barrel  and  is  just  starting  back  to  the  left,  at  this  moment  the  space 
between  the  suction  and  delivery  valves  and  piston  is  full  of  water, 
as  the  piston  continues  to  move  to  the  left  the  water  level  sinks, 
(whilst  the  delivery  valve  remains  closed  by  the  external  atmospheric 
pressure,)  and  maintains  a  vacuum  in  the  space  between  the  surface 
of  the  water  and  delivery  valve  ;  as  the  water  level  sinks  it  allows 
the  small  air  valves,  L  L,  to  open,  and  any  air  in  the  condensing 
chamber  passes  through  into  the  space  left  by  the  movement  of  the 
piston,  without  having  to  pass  through  the  suction  valve  below, 
whilst  the  water  from  the  condensing  chamber  passes  through  the 
suction  valve.  The  water  and  air  are  thus  kept  separate,  and  also 
the  air  is  drawn  out  of  the  condensing  chamber  through  the  small 
valves,  L  L,  at  the  beginning  of  the  piston  stroke,  and  not,  as  is 
usually  the  case  with  horizontal  air  pumps,  at  the  end  of  the  stroke 
through  the  suction  valves,  which  are  necessarily  placed  low  down. 
This  construction  should  get  over  the  difficulty  which  often  occurs  of 
getting  rid  of  the  air  quietly,  and  i^ould  secure  the  prompt  closing 
of  the  delivery  valves. 
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Figs.  868,  869.— Ed.   Kdnlg's  Patent  Air  Pump  and  Condenser,  with  Suction  and 
Delivery  Valves  above  Barrel 


In  Ed.  Konig's  air  pump  made  by  the  Chemnitz  Steam  Engine  and 
Spinning  Machine  Works,  both  the  suction  and  delivery  valves  are 
above  the  barrel,  figs.  868,  869. 
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Pigs,  870— 872.— Outside  Views  of  Horn's  Patent  Air  Pump  and  Condenser. 


Table  80. — Dimensions  of  Horn's  Patent  Air  Pump  and 
Condenser  (Figs.  864—867  and  870—872). 
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All  Dimensions  are  given  in  Inches. 
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Pigs.  873— 875.— Outbide  Views  of  the  Dulmen  Air  Pump  and  Condeuser. 

Table  81. — Dimensions  of  Air  Piunp  and  Ck>nden8er 

(Figg.  873—876  and  860,  861). 
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All  Dimensions  are  given  in  Inches. 
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F!gs.  876|  877.— Plunger  Air  Pump  and  Condenser  from  the  Allen  Engine, 


E,  exhaust  pipe. 

P,  plunger. 

0,  overflow  pipe. 

Diameter  of  engine  piston,  12''. 

Stroke,  24". 

Revs,  per  minute,  200. 

Diameter  of  air  pump  piston,  W, 

A  full  account  of  this  engine  will  he  found  in  Proceedings  of  Inst. 
Mech.  Engineers  for  1868. 
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The  quantity  of  condensiDg  water  required  depends  in  some 
measure  upon  ihe  temperature,  but  a  rule  which  will  serve  as  a  basis 
upon  which  to  judge  of  the  amount  required  is  from  20  to  30  times 
the  amount  of  feed  water  used ;  an  actual  example  taken  by  measur- 
ing the  overflow  water  as  it  left  the  condenser  gave  from  61  to  80 
gallons  per  indicated  HP  per  hour ;  the  temperature  of  the  injection 
water  was  56*,  and  that  of  the  overflow  100** ;  the  engine  had  a  12^ 
piston  and  15^  stroke,  the  boiler  pressure  being  56  lbs.,  and  at  the 
time  when  the  water  was  measured  indicated  from  20  to  24  HP ;  the 
air  pump  was  a  vertical  plunger  pump. 


(b.)  Surface  Condensers.* 

Surface  condensers  are  now  almost  exclusively  used  in  marine 
work,  and  enable  the  boilers  to  be  worked  at  much  higher  pressures 


Pigs.  881,  882. 


on  account  of  the  purity  of  the  feed  water,  only  a  small  amount  of 
auxiliary  feed  being  used  direct  from  the  sea ;  they  are  also  increasing 
in  use  on  land,  especially  where  water  is  plentiful  but  bad  ;  their 
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first  cost  is  much  greater  than  an  ordinary  jet  condenser,  but  there 
is  much  to  be  said  as  to  their  suitability  for  special  positions,  sucli  as 
by  the  side  of  brackish  rivers,  or  rivers  where  the  water  has  a  bad 
action  on  boiler  plates.  An  outside  view  of  one  form  is  shown  in 
figs.  881,  882,  and  fig.  883  shows  one  method  of  fixing  the  tubes. 
The  tubes  are  usually  of  solid  drawn  brass  of  f  ^  or  f  or  J|^  diameter, 
the  tube  plates  of  brass  or  copper,  f  ^  tubes  run  10|'^  to  the  lb.,  J^ 
tubes,  9i^  to  the  lb.,  the  thickness  being  18  B  W  G. 

The  method  shown  in  fig.  883,  of  fixing  the  tubes  by  small  screwed 
glands  and  packing  allows  of  free  expansion  and  contraction,  and 
also  admits  of  a  tube  being  drawn  for  examination.  In  marine 
surfEUie  condensers  the  cooling  surface  is  about  3  square  fe^t  per 
indicated  HP.  A  surface  condenser  combined  with  air  and  circulat- 
ing pimips,  by  Messrs.  Ruston  &  Proctor  of  Lincoln,  is  shown  in 
figs.  884,  885,  arranged  for  placing  behind  the  cylinder  of  a  hori- 
zontal engine,  on  an  extension  of  the  bed  plate  ;  in  this  example  the 
exhaust  steam  is  passed  through  the  tubes,  the  circulating  water 
being  pumped  through  the  chamber  containing  them,  and  thus 
coming  in  contact  with  the  outside  of  the  tubes  ;  many  surface  con- 
densers are  made  so  that  the  circulating  water  is  pumped  through 
the  tubes,  the  exhaust  steam  passing  through  the  chamber,  and  com- 
ing into  contact  with  the  outside  of  the  tubes. 

The  quantity  of  circulating  water  required  varies  from  55  to  90 
gallons  per  indicated  HP  per  hour. 

In  places  where  the  quantity  of  condensing  water  available  is 
small,  various  devices  have  been  made  use  of  to  cool  the  water,  so 
that  it  may  be  used  over  and  over  again  ;  shallow  ponds  answer  very 
well  and  are  largely  used.  An  ingenious  device  by  Theisen,*  of  the 
Engine  Works,  Grevenbroich,  is  shown  in  fig.  886,  here  the  water 
from  the  condenser  is  cooled  down  by  a  series  of  metal  discs  dipping 
partly  in  water  and  kept  slowly  revolving,  a  fan  draws  dry  air  through 
the  spaces  between  the  discs,  and  cools  them  by  evaporation. 


*  A  full  account  of  this  cooling  arrangement  appeared  in  Dingler^s  Journal, 
Vol.  267,  Part  13,  page  586. 


FEED  PUMPS. 


285 


Fig.  886.— Theisen's  Cooling  Apparatus  for  CondensiDg  Water. 


The  cold  water  reservoir  a,  with  surface  condenser  tubes  im- 
mersed :  6,  inlet  for  exhaust  steam ;  e,  a  series  of  metal  discs  partially 
immersed  in  the  condensing  water,  as  they  revolve  a  current  of  air  is 
forced  over  them  by  the  fan,  V,  fig.  886  ;  x,  outlet  for  vapour  and  air 
from  fan. 

Other  special  varieties  of  condenser  are  known  as  Ejector  con- 
densers, and  have  no  air  pump  or  moving  parts ;  they  are  almost  the 
same  in  construction  as  the  GifFards  Injector,  and  are  kept  at  work 
by  a  stream  of  cold  water  from  a  tank  overhead  ;  their  action  is  con- 
tinuous, and  they  keep  a  fair  vacuum. 

The  economy  obtained  by  using  a  condenser  varies  too  much  in 
practice  to  allow  of  a  definite  figure  being  given,  but  it  may  be  taken 
as  from  15  per  cent,  upwards. 


(c.)  Feed  Pumps. 

Feed  pumps  are  made  in  endless  variety,  according  to  their 
position  on  the  engine  or  boiler;  formerly  all  engines  had  a  feed 
pump  attached  to  some  part  of  the  frame  or  bed,  now  the  tendency 
IB  to  have  a  separate  feed  system,  worked  by  its  own  donkey  engine, 
placed  close  to  the  boilers.  Locomotives  depend  upon  some  form  of 
injector,  and  very  often  on  large  portable  or  under-type  engines  an 
auxiliary  feed  by  injector  or  donkey  pump  is  provided.    When  a 
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range  of  boilers  is  fed  from  one  pump,  there  must  be  a  feed  escape 
valve,  placed  so  as  to  command  the  whole  feed  system,  and  loaded  so 
as  to  blow  off  a  little  above  the  boiler  pressure,  and  this  valve  should 
be  in  a  conspicuous  position  ;  if  any  obstruction  occur  this  valve 
will  blow  off  and  show  that  there  is  something  resisting  the  flow  of 
the  water. 

An  ordinary  feed  pump  for  bolting  down  to  the  engine  foundation, 
and  worked  by  an  eccentric,  is  shown  in  fig.  887.  Jl  method  of 
disengaging  the  plunger,  is  shown  in  upper  fig.,  this  method  is  often 


Fig.  892.  Fig.  893. 

used  in  slow  moving  pumps  when  required  to  do  intermittent  work, 
but  is  not  often  applied  to  boiler  feed  pumps. 

Figs.  892 — 893,  show  a  simple  boiler  feeding  donkey  pump. 

F  F,  the  frame  by  which  the  pump  is  bolted  to  the  wall ;  W,  the 
fly  wheel ;  S,  the  crank  shaft ;  R,  a  small  crank  pin  for  working  the 
slide  valve  ;  P,  the  steam  piston ;  B,  the  pump  plunger* ;  V  d,  the 
delivery  valve ;  V  «,  the  suction  valve ;  H,  a  hand  lever  for  working 
the  pump  by  hand  when  required. 
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(d.)   Feed- Water  Heaters. 

Feed- water  heaters  are  extensively  used,  and  effect  great  economy 
in  fueL  They  may  be  considered  as  a  reversed  surface  condenser,  the 
exhaust  steam  being  used  to  warm  the  water  as  it  passes  from  the 
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Fig.  894.— FeedWater  Heater,  by 


CLEANING  OOT  DOOR 


Marshall  Sons  &  Co.  Ltd.,  Gainsboro. 


pump  to  the  boiler,  two  examples  are  shown  in  figs.  894 — 896.  Feed- 
water  heaters  of  this  type  are  sometimes  placed  horizontally.  If 
pure  water  could  be  used,  the  heaters  would  work  efficient  y  for  long 
periods,  but  as  water  always  contains  mineral  iftatters  which  are 
partially  precipitated  when  the  water  is  warmed;  the  heater  tubes 
become  coated  with  scale,  and  have  to  be  cleaned.  Occasionally,  the 
feed  water  seems  to  select  certain  tubes  for  its  flow^  and  not  infre- 
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qnently,  if  the  healers  have  been  neglected,  only  some  of  the  tabes 
are  deeply  scaled,*  the  rest  being  comparatively  free ;  baffle  plates,  to 
ensure  good  distribution  of  the  water,  would  possibly  prevent  this 
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Figs.  895— 898.— Feed-heater,  by  the  Prince  Rudolf  Iron  Works,  Daimen. 

selection.  From  the  scaling  it  is  obvious  that  feed-water  heaters  are 
to  a  certain  extent  feed- water  purifiers,  and  if  of  ample  size,  must  act 
beneficially  in  this  direction.    In  some  feed-heaters,  the  tubes  are  re- 


*  An  instance  of  this  occurred  in  practice  -where  a  vertical  heater  of  the 
above  tyi)e,  with  about  65  tubes,  had  been  in  use  for  a  long  time  without 
cleaning,  upwards  of  60  of  the  tubes  were  totally  blocked  up,  and  the 
lemainder  comparatively  clear. 


FEED-WATEB  HEATEBS. 


291 


placed  by  an  arched  branch  of  exhaust  pipe,  surrounded  by  a 
chamber  through  which  the  feed  is  pumped.  Such  heaters  are  fairly 
efficient,  more  so  than  would  be  supposed  from  the  small  heating 
surface,  and  can  be  readily  cleaned. 

Other  types  of  heaters  depend  on  a  small  jet  of  water  from  the 
pump,  carrying  the  exhaust  steam  with  it  into  a  tank,  and  thus 
heating  the  water. 

The  maximum  speed  of  the  feed  water  in  any  part  of  the  feed 
system,  should  not  exceed  from  3  to  4  feet  per  second. 


Table  84— Dimensions  of  Feed-Water  Heater 
(Figs.  895—898). 
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All  Dimansions  are  given  in  Inches  except  the  Heating-sm-face. 
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SECTION    VI. 

EXAMPLES  OF  VARIOUS   TYPES  OF  HOBIZONTAL 

AND  VERTICAL  ENGINES  FROM  ACTUAL  FBACTICS. 

With  Tables  of  Dimensions,  Weights,  &c. 


Horizontal  Engines  of  the  more  usual  Types. 

Engine  with  forked  or  Y  frame, 
bent  or  slotted  out  crank  shaft, 
arranged  to  carry  the  fly-wheel 
outside  the  bearings  on  either  side 
of  the  engine,  frequently  known  as 
"  self-contained  '*  horizontal  engines. 
These  engines  are  usually  made 
with  cylinders  from  5  to  12  inches 
diameter,  the  stroke  being  from  Ij 
to  1 J  times  the  diameter. 

Girder  or  "  Corliss  "  Frame 
Engines,  with  cylinder  bolted 
on  to  end  of,  and  overhanging 
the  girder.  Frame  unsup- 
ported except  by  a  foot  at 
each  end.  Crosshead  guides 
cast  in  the  franie  for  small 
and    medium -sized  engines. 


Fig.  899. 


Fig.  900. 


and  either  bored  or  with  planed  flat  surfaces. 


Fig.  901. 

small  and  medium-sized  engines. 


Girder  type  of  engine 
supported  by  feet  on  cylin- 
der, and  at  end  of  frame 
under  crank  shaft  bearings. 
Piston  rod  extended  and 
guided  through  back  cylin- 
der cover.  Crosshead  guides 
cast  in  one  with  frame  in 
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Fig.  902 


Girder  type  of  engine  with  extra  supportiDg  foot  under  centre  of 
frame. 


Fig.  903. 

Semi-Girder  type  of  engine,  with  iialf  the  length  of  frame  bolted 
down  to  foundation,  and  with  support  under  cylinder. 


Fig.  904. 


Condensing  engine,  with  air-pump  at  back  of  cylinder  and  worked 
by  tail  rod. 
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Leading  Dimensions  of  Single  Cylinder  Horizontal 
Enginesi  with  and  without  Condensers. 


/3E 


TabiiE  90. — Overall  Simensiona  of  Horizontal  Engines 

(Fig.  905). 


H 

a 

6 

c 

d 

e 

/ 

if 

h 

i 

k 

I 

m 

n 

16 

75 

9 

27i 

51 

75 

8 

22 

36^ 

15} 

— 
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— 

— 

20 

90 

10} 

29f 

57 

93 

10 

26} 

42 

18i 

30jt 

71 

17} 

33J 

24 

105 

12i 

31i 

63 

110 

12 

31i 

48 

21i 

36 

77 

19 

39 

28 

122 

14 

34 

69 

130 

14} 

36J 

54J 

23} 

40i 

82 

20 

47 

32 

136 

15i 

35i 

75 

150 

17 

41 

60 

26 

45 

98 

23} 

49 

36 

161 

17 

39i 

83 

165 

20 

45i 

66 

28} 

50 

108 

27i 

65 

40 

168 

18i 

43i 

90 

185 

21} 

50 

73i 

30} 

55J 

118 

36 

65 

All  Dimensions  are  given  in  Inches. 
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Floor  Space  required  for  Single  Cylinder  Horizontal 
Engines,  with  and  without  Condensers. 


Figs.  906,  907. 


Table  91. — ^Floor  Space  Dimensions  for  Horizontal 

Engines  (Figs.  906,  907). 

Without  condenser,  fig.  906. 

Withcondenseil 
fig.  907.   1 

H 

A 

B   ,  a 

h 

c 

d 

P 

G 

C 

L 

16 

126 

40 

32 

63 

20 

24 

110 

209 





20 

181 

50 

36 

67 

20 

28 

130 

268 

231 

318 

24 

196 

60 

m 

71 

24 

32 

144 

291 

264 

359 

28 

245 

69 

43^ 

75 

24 

36 

160 

344 

300 

399 

32 

277 

119 

47 

79 

28 

40 

173 

384 

342 

449 

36 

307 

130 

61 

83 

28 

44 

189 

418 

384 

495 

40 

333 

142 

65 

87 

28 

48 

205 

448 

420 

535 

All  Dimensions  are  given  in  Inches. 
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Floor  Space  required,  Horizontal  Coupled  Engines,  with, 
and  without  Condensers. 


Fig.  908. 


Table  92. — Floor  Space  Dimensions  for  Horizontal  Coupled 
Engines  (Fig.  908). 


H 
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c 

L 

16 
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20 
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264 

359 

28 

245 
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300 

399 
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28 

40 
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342 

449 

36 

307 
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118 

51 

83 

28 

44 

274 

384 

495 

40 

333 

173 

126 

55 

87 

28 

48 

283 

420 

535 

All  Dimensions  are  given  in  Inches. 
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WEIGHTS  OP  ENGIKBS. 


Weights  of  Engines  in  DetaiL 
In  the  following  tables — 

CI  =  Cast  iron.  St  «  Mild  steel 

WI  =  Wrought  iron.  CS  =  Cast  steeL 

M  «  White  metaL  G  =  Gun  metal 

B»  Bolts. 


Fig.  90».  Fig.  910. 

Table  93.— Weights  of  Engine  Frames  and  Crossheads. 


Engine. 

Frame  (Pig.9(»X 

Croeshead   1 
(Fig.  910X   1 

1 

5^ 

1 

h 

1 

1 

Bearing  Cap. 

1 

i 

1 

H 

D 

a 

b 

e 

d 

« 

f 

12 

CI 

CI 

G 

WI 

CI 

G 

WI 

B 

Total. 

CI 

St 
2 

6 

700 

— 

— 

— 

700 

— 

— 

— 

700 

15 

17 

16 

8 

830 

30 

13 

— 

860 

12 

— 

8 

880 

24 

2 

26 

20 

10 

1060 

57 

18 

11 

1117 

18 

11 

11 

1157 

42 

4 

46 

24 

12 

1640 

90 

26 

15 

1630 

26 

15 

15 

1686 

64 

7 

71 

28 

14 

2100 

140 

37 

17 

2240 

37 

17 

17- 

2310 

90 

11 

101 

32 

16 

2816 

220 

53 

19 

3036 

53 

19 

18 

3125 

120 

15 

135 

36 

18 

3740 

290 

70 

22 

4030 

70 

22 

23 

4146 

155 

19 

174 

40 

20 

5060 

370 

88 

24 

5430 

88 

24 

23 

5565 

194 

34 

218 

44 

22 

6600 

470 

110 

28 

7070 

110 

28 

26 

7234 

234 

31 

265 

Diinenaiona  in  Inches,  Weights  in  Pounda 
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Pistons,  and  Piston  Bods. 
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Fig.  911. 

Table  d4.~Weiglits  of  Pistons  and  Piston  Sods. 


Eugine. 

Fig.  911. 

i> 

|| 

j 

1 

1 

i 

'A 

1 

1 

Piston  complete  with  rod. 

a 

h 

c 

d 

t 

/ 

a 

to/        1 

H 

D 

CI 

CI 

<^K 

G 

Bt 

St 

CI 

G 

8t 

Total. 

12 

6 

16 

4 

9 

— 

— 

7 

28 

— 

7 

36 

16 

8 

20 

7 

13 

— 

— 

13 

40 

— 

13 

63 

20 

10 

26 

10 

18 

— 

— 

24 

56 

— 

24 

.79 

24 

12 

33 

18 

24 

— 

— 

67 

76- 

— 

67 

132 

28 

14 

44 

26 

30 

4 

4 

88 

100 

4 

92 

196 

32 

16 

66 

40 

40 

4 

4 

121 

146 

4 

126 

276 

36 

18 

92 

67 

67 

7 

7 

154 

206 

7 

161 

374 

40 

20 

121 

7a 

68 

7 

7 

200 

262 

7 

207 

476 

44 

22 

179 

95 

92 

9 

9 

286 

366 

9 

295 

670 

48 

24 

220 

128 

126 

11 

11 

396 

473 

11 

407 

891 

— 

28 

330 

187 

191 

13 

16 

726 

708 

13 

741 

1462 

— 

32 

450 

253  200 

18 

20 

1188 

•  963 

18 

1208 

2189 

— 

36 

672 

330  338 

22 

26 

1738 

1240 

22 

1764 

3026 

— 

40 

72Q 

418  [.429 

26 

33 

2420 

1567 

26 

2453 

4046 

Dimensions  in  Inches,  Weights  in  Fonnds. 
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Weights  of  Engines. 
Crank  Shafts,  Fly  Wheels  and  Outside  Bearing^. 


Fig.  ei2. 


Fig.  913. 


Fig.  914. 


Table  95. — ^Weights,  Crank  Shafts,  Fly  Wheels  and 
Outside  Bearings. 


Engine. 

Crank  Shaft  (Fig.  912). 

Fly  Wheel 
(Fig.  913). 

Outside  Bearing 
(Fig.  914). 

1 

1 

1 

It 

+ 
+ 

1- 

+ 

1 

1 

+  ' 

4 

a 

h 

c 

d 

« 

f 

9 

h 

H 

D 

St 

St 

cr 

Total. 

CI 

WI 

Total. 

CI 

G 

WI 

Total. 

12 

6 

— 

— 

— 

— 

385 

— 

385 

— 

— 

— 

— 

16 

8 

— 

— 

— 

— 

1045 

— 

1045 

— 

— 

— 

— 

20 

10 

325 

5-5 

27-5 

358 

1650 

— 

1650 

no 

14 

11 

135 

24 

12 

528 

8 

39 

575 

2530 

— 

2530 

242 

24 

18 

284 

28 

14 

836 

10 

54 

900 

3520 

44 

3564 

352 

35 

23 

410 

^2 

16 

1255 

14 

60 

1335 

5012 

48 

5060 

462 

48 

32 

542 

36 

18 

1760 

15 

80 

1855 

6548 

52 

6600 

554 

62 

44 

660 

40 

20 

2244 

18 

92 

2354 

8963 

57 

9020 

660 

77 

55 

792 

.44 

22 

3256 

24 

110 

3390 

13138 

62 

13200 

770 

88 

66 

824 

Dimensions  in  Inches,  Weight  in  Ponnds. 
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Weights  of  Engines. 
Rider's  Valves  and  Valve  Bods. 


fH^.uff=r|^.....^......fe^^^ 


Fig.  915. 


Fig.  91d. 


Table  96.— Weight  of  Rider's  Valves  and  Valve  Bods. 


Engine. 

Rider's  valve,  fig. 

W5. 

Valve  rods,  fig.  916. 

1 

It 

1 

1 

+ 

i 

'B 
O 

1 

5 'p. 

$ 

+ 

a 

h 

c 

d 

6 

/ 

9 

H     1     D 

CI 

CI 

CI 

Total. 

St 

WI 

St 

O 

Total. 

12 

6 

— 

— 

— 

7 

9 

1 

1 

18 

16 

8 

— 

— 

— 

— 

9 

.  13 

1 

1 

24 

20 

10 

42 

6-6 

4-4 

53 

13 

22 

2 

1 

38 

24 

12 

66 

13 

9 

88 

18 

35 

2 

1 

56 

28 

14 

100 

22 

15 

137 

24 

52 

3 

3 

82 

32 

16 

145 

33 

26 

204 

31 

70 

4 

5 

110 

36 

18 

194 

46 

35 

275 

40 

88 

7 

5 

140 

40 

20 

242 

62 

48 

352 

48 

105 

7 

5 

165 

44 

22 

290 

84 

66 

440 

57 

123 

8 

5 

193 

Dimensions  in  Inches,  Weights  in  Pounds. 
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W£IGETS  OF  ENGINES. 


Fig.  917. 


Fig.  918. 
Table  97.— Weights  of  Cylinders  with 


Engine. 

1 
1 

■♦» 

5 

1 

1 

1 

1 
3 

1 

^ 

fl 

1. 

■  ^ 

a 

h 

c 

d 

e 

/ 

n 

h 

i 

k 

I 

H 

D 

CI 

CI 

CI 

G 

G 

CI 

CI 

G 

G 

CI 

01 

12 

6 

286 

13 

4 

0-7 

0-4 

22 

— 

— 

— 

— 

13 

16 

8 

476 

22 

7 

1-2 

0-7 

40 

— 

— 

— 

— 

28 

20 

10 

690 

36 

9 

1-6 

1-2 

59 

— 

— 

— 

— 

72 

24 

12 

1090 

48 

11 

2-2 

1-6 

90 

11 

2-6 

11 

22 

75 

28 

14 

1640 

64 

14 

2-8 

2-2 

143 

16 

3-6 

1-6 

26 

134 

32 

16 

2125 

80 

16 

3-5 

2-6 

200 

19 

4 

1-9 

40 

194 

36 

18 

2860 

94 

18 

4-2 

33 

308 

24 

4-6 

2-4 

48 

275 

40 

20 

3520 

112 

22 

4-8 

3-7 

440 

30 

6 

30 

67 

335 

44 

22 

4226 

132 

26 

5-6 

4-4 

572 

37 

5-5 

3-7 

66 

400 

Dimensions  in  Inches,  Weights  in  Pounds. 
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Weights  of  Cylinders,  Covers  and  Stuffing  Boxes. 


Note:  in  Table  97,  Cylinders  from  12"  to  16''  strike  have 
Bimple  valve  gear ;  those  from  20"  to  44"  stroke  have  Rider's  valve 
gear  with  closed  valves. 


Ck>Ters  and  Stuffing  Boxes  (Figs.  91V,  918). 


1 

o 

i 

s 

1 

1 

1 

1 

1 

s 

Cylinder  complete  with  covers 
and  glands. 

m 

n 

0 

P 

9 

r 

8 

t 

0+&C.+*                          1 

CI 

O 

G 

CI 

Ql 

G 

G 

WI 

CI 

G 

WI 

B 

Total. 

— 

— 

— 

— 

— 

— 

— 

7 

338 

1-1 

7 

11 

367 

— 

— 

— 

— 

— 

— 

— 

13 

672 

1-9 

13 

22 

608 

7 

1-3 

0-9 

16 

3 

0-4 

0-4 

.  22 

860 

5-7 

22 

31 

919 

7 

1-5 

11 

24 

4 

0-4 

0-4 

40 

1382 

11 

40 

42 

1475 

9 

1-8 

11 

30 

6 

0-7 

0-4 

67 

1980 

14 

57 

55 

2106 

11 

2-0 

1-3 

37 

6 

0-9 

0-4 

81 

2727 

17 

81 

70 

2895 

13 

2-2 

1-3 

46 

7 

0-9 

0-7 

105 

3693 

19 

105 

88 

3905 

16 

2-4 

1-5 

62 

8 

1-1 

0-7 

132 

4591 

22 

132 

102 

4847 

18 

2-6 

1-5 

62. 

9 

11 

0-9 

160 

5547 

25 

160 

119 

5861 

ITole.— Cylinders  with  jackets  weigh  18  per  cent,  moreii 


x2 
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Weights  of  Engines. 
Connecting  BocU,  Cranks,  and  Crank  Pins. 


•^ 


^= 


-OL 


e4[39- 


Fig.  919 


Table  98.— Weights  of  Connecting  Bods,  Cranks, 
and  Crank  Pins. 


Engine. 

Connecting-rods,  fig. 

919. 

Cranks  and  crank-pins,  flg.  920. 1 

• 

II 

Il 

1 

1 

+ 

M 

1 

1 

1 

+ 

a 

b 

e 

d 

e 

/ 

H 

D 

WI 

8t 

G 

Total. 

WI 

8t 

St 

Total. 

12 

6 

24 

3 

3 

30 

— 

— 

— 

— 

16 

8 

42 

3 

5 

50 

— 

_—  , 

— 

— 

20 

10 

66 

7 

9 

82 

70 

12 

2 

84 

24 

12 

100 

7 

11 

118 

119 

17 

2 

138 

28 

14 

142 

9 

13 

164 

176 

23 

4 

203 

32 

16 

187 

11 

18 

216 

238 

34 

6 

278 

36 

18 

265 

13 

24 

302 

308 

52 

6 

366 

40 

20 

319 

15 

33 

367 

376 

55 

9 

440 

44 

22 

386 

15 

44 

444 

462 

70 

11 

543 

^ot«.— Cast-iron  cranks  are  about  20%  heavier. 
Dimensions  in  Inches,  Weights  In  Poonds. 
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Weights  of  Engines. 
Eccentrics  and  Eccentric  Bods. 


/fe.......t jy 


Fig.  923. 


Pigs.  921,  922. 


Table  99.~Weiglits  of  Two  Eccentrics  and  Bods. 


Engine. 

Two  eccentrics,  flgs.  921,  922. 

Two 
eccentric 

rods, 
fig.  923. 

S 

1*1 

II 

1 

1 

1 

3 

Two 

eccen- 
trics 
complete 

a 

h 

c 

d 

e 

/ 

a  to/ 

9 

H 

D 

CI 

CI 

WI 

Q 

WI 

M 

Total. 

WI 

12 

6 

10 

19 

— 

0-4 

11 

— 

30-5 

9 

16 

8 

12 

25 

— 

0-4 

2-6 

— 

40 

15 

20 

10 

18 

35 

1-5 

0-7 

3 

6-6 

64-8 

22 

24 

12 

31 

64 

2 

0-9 

4 

13 

115 

38 

28 

14 

44 

109 

2 

1 

5 

20 

172 

60 

32 

16 

62 

145 

3 

1 

7 

26 

244 

92 

36 

18 

77 

202 

4 

1 

7 

30 

321 

125 

40 

20 

97 

267 

5 

1-4 

7-6 

40 

408 

158 

44 

22 

121 

320 

5 

1-5 

8-5 

44 

500 

194 

Dimensions  in  Inches,  Weights  in  Pounds. 
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Weights  of  Engines. 

Valve  Bod  Guides,  with  Governor  Bracket,  Bevel  Wheels, 
Spindles,  and  Levers,  exclusive  of  Governor  and  Spindle. 


Figs.  921,  925. 

Table  100.— Weights  of  Governor  Bracket,  &c. 

(Figs.  924,  926). 


Engine. 

a 

b 

If 

c 

It 
II 

e 

1 

0 

d 

~1 

QQ 

I'S 

Weight  complete,  as  in 
figs.  924,  925, 

a  tog 

H 

D 

CI 

CI 

CI 

CI 

WI 

St 

G 

CI  ^  (3  1  WI 

St  !  B    Total.l 

20 

10 

70 

26 

33 

18 

31 

11 

7 

160   18 

1 

11 

7 

4 

200 

24 

12 

121 

40 

40 

24 

37 

16 

' 

238 

24 

16 

7 

7 

291 

28 

14 

165 

50 

46 

33 

44 

22    9 

305 

33 

22 

9 

9 

378 

32 

16 

216 

66 

63 

40 

53 

26    9 

387 

40 

26 

9 

11 

473 

36 

18 

268 

84 

62 

46 

69 

33   11 

473 

46 

33 

11 

13 

576 

40 

20 

326 

103 

68 

53 

64 

37 

11 

560 

53 

37 

11 

15 

676 

44 

22 

376 

121 

77 

62 

70 

44 

13 

643 

62 

44 

13 

18  780 1 

Dimensions  in  Inches,  Weights  in  Foimd.s. 
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If  eights  of  Engines. 

Fonndation  Bolts  and  Plates,  GKiard  Rail,  and  Barring 
Apparatus. 


Fig.  926. 


-Ota 
Fig.  927. 


Fig.928. 


Table  101.— Weights  of  Foundation  Bolts,  &c. 


£ngtne. 

Foandation  bolts  and 
platea,  fig.  926. 

Guard 

Barring  apparatus,  flg.  928. 

1 

st 

1 

i 

1 

S 

1 
1 

Barring 
appara- 
tus com- 
plete. 

5 

a 

h+a 

b 

d 

e 

/ 

d+e+f 

a 

WI 

Total. 

WI 

CI 

WI 

WI 

Total. 

12 

6 

44 

35 

79 

— 

— 

— 

— 

— 

16 

8 

44 

48 

92 

— 

— 

— 

— 

— 

ao 

10 

140 

66 

206 

11 

44 

22 

13 

79 

24 

12 

176 

132 

308 

16 

44 

22 

13 

79 

28 

14 

330 

198 

528 

22 

65 

26 

18 

99 

32 

16 

396 

264 

660 

29 

66 

26 

18 

99 

36 

18 

616 

352 

968 

35 

77 

35 

26 

168 

40 

20 

616 

440 

1056 

44 

77 

36 

26 

158 

44 

22 

748 

650 

1290 

55 

77 

36 

26 

158 

IHrnenaiona  in  Inches,  Weights  in  Ponnds. 
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ENGINE  FOUNDATIONS. 
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Engine  Foundations. 

The  depth  of  is  in  Bome  measure  determined  by  the  natura  of  the 
ground.  It  may  be  necessary  to  go  down  a  great  depth  to  reach  a 
solid  basis  whereon  to  build,  and  to  fill  up  with  coarse  concrete  up  to 
the  level  of  the  foundation  bolts  and  then  begin  the  foundation 
proper.  The  material  depends  on  the  district ;  in  some  districts  con- 
crete is  the  most  ready  material,  in  others  brick  or  masonry.  In 
cases  where  a  building  for  manufacturing  purposes  has  to  be  erected 
on  very  loose  ground  and  where  concrete  is  easily  obtained,  it  is  a 
good  plan  to  floor  the  whole  area  occupied  by  factory,  engine  and 
boiler  house  with  a  bed  of  concrete  of  sufficient  thickness,  and  to 
build  all  structures  on  this  bed.  Settlement  is  very  unMkely  to  take 
place  with  such  a  system,  as  the  weight  is  distributed  over  the  largest 
possible  area  of  the  loose  ground. 

For  brick  foundations  each  course  should  be  grouted  in  thoroughly 
with  good  cement,  and  all  bolt  holes  formed  by  inserting  wood  bars 
about  3^  to  4^^  square,  the  lower  end  of  these  resting  in  the  founda- 
tion plates,  and  the  upper  ends  in  a  template  fixed  in  places ;  the 
wood  bars  are  afterwards  withdrawn  and  the  bolts  inserted.  When 
the  engine  is  in  place  and  bolted  down,  the  spaces  round  the  bolts 
may  be  filled  in  with  cement  grout.  In  concrete  the  same  plan  with 
regard  to  the  bolt  holes  may  be  used. 

With  masonry  foundations  the  holes  are  usually  cut  through.  A 
top  course  of  stone  is  very  good  on  brick  foundations,  but  is  expen- 
sive in  districts  far  from  the  quarries. 

When  the  first  motion  drive  from  the  engine  is  through  spur  or 
bevel  wheels,  great  care  should  be  taken  with  the  foundations,  and  if 
of  concrete  as  much  time  as  possible  should  be  allowed  after  build- 
ing before  the  engine  is  started.  The  most  convenient  form  of 
foundation  bolt  is  perhaps  the  cottar  bolt,  as  it  can  be  passed  down 
the  hole  in  the  foundation  without  trouble,  and  should  such  an 
accident  happen  as  a  defective  bolt,  it  can  be  replaced.  In  small 
work  ordinary  bolts  with  heads  and  nuts  are  much  used,  being  built 
in  the  foundation. 

Note.-— The  particulars  given  in  Tables  85  to  104,  and  tbe  corresponding 
illustratioDS,  ai'e  from  engines  of  continoDtal  make,  and  are  given  exactly  as 
they  appear  in  the  3rd  edition  of  M.  Haeder's  book,  *'Die  Dampfmaschine," 
except  that  the  dimensions  are  converted  into  English  measures. 


SECTION   VIL 
PABTICTJLABS   OF   STANDABD   ENGINES   BY 

ENGLISH     TWATTTB-Rft 

The  following  Tables,  105  to  129,  give  the  particulars  of  small  and 
medium-sized  engines  by  English  makers  who  manufacture  large 
numbers  of  these  engines,  and  have  given  every  attention  to  details 
of  construction  and  design  ;  they  may  therefore  be  taken  as  examples 
of  best  English  practice  in  the  various  types  of  which  tables  and 
illustrations  are  given. 

Descriptions  of  some  of  the  special  valve  gears  applied  to  these 
engines  are  given  in  the  Section  on  Valve  Gears,  and  examples  of 
indicator  diagrams  from  actual  practice  are  given  in  the  Section  on 
Indicator  Diagrams. 

The  particulars  in  each  table  were  supplied  by  the  makers  them- 
selves. 
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Fig.  933. 
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Pig.  982. 
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Fig.  938. 
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Fig.  937. 
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Fig.  980. 

Table  112. — ^Particulars  of  Compound  Under -type 
Engines  by  Messrs.  E.  B.  &  F.  Turner  (Fig.  939). 


Diameter  of  small  cylinder 

7 

8 

9 

10 

Diameter  of  large  cylinder  .        .    . 

m 

12i 

14 

16 

Length  of  stroke       .... 

12 

14 

16 

18 

Revolutions  per  minute        .        .     . 

180 

165 

135 

120 

Piston  speed  in  feet  per  minute 

360 

360 

360 

360 

Best  average  indicated  horse-power  . 

38 

50 

63 

78 

Diameter  of  crank-shaft    . 

3J 

3i 

4i 

5 

Diameter  of  fly-wheel  .        .        .    . 

60 

72 

72 

84 

Width  of  fly-wheel   .        .        .        . 

8 

9 

lOi 

12 

Weight  of  fly-wheel,  cwt.     .        .     . 

8 

13 

16 

22 

Height  to  centre  of  boiler 

42i 

49 

58 

66J 

Height  to  centre  of  crank-shaft     .     . 

13 

14i 

17 

m 

Diameter  of  boiler-barrel  . 

34i 

36| 

40i 

47 

Length  of  boiler-barrel         .        .    . 

112 

121i 

132 

142 

Heating-surface  in  sc^uare  feet  . 

187-5 

250 

312-8 

390 

Area  of  fire-grate  in  square  feet 

6-06 

6-6 

8-2 

10-25 

Width  over  all 

86 

91 

102 

116 

Working  pressure  in  lbs.  per  sq.  in.  . 

140 

140 

140 

140 

All  Dimensions  in  Inches. 


N.B. — The  heating-surfaces  and  boiler  dimensions  in  the  table  are 
given  for  ordinary  English  coal ;  for  inferior  and  colonial  coal,  about 
26  per  cent,  should  be  added  to  grate  area  and  fire-box  heating  surface. 
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Fig.  940. 


Table  113.— Particulars  of  Compound  Portable  Engines  by 
Messrs.  E.  B.  &  F.  Turner  (Fig.  940). 


Diameter  of  small  cylinder 

7 

8 

9 

Diameter  of  large  cylinder  .        .    . 

lU 

12| 

14 

Length  of  stroke       .        .        .        . 

12 

14 

16 

Revolutions  per  minute                .     . 

180 

i55 

135 

Piston  speed  in  feet  per  minute 

360 

360 

360 

Best  average  indicated  horse-power  . 

36 

48 

60 

Diameter  of  crank-shaft    . 

n 

H 

4J 

Diameter  of  fly-wheel  .        .        .    . 

60 

72 

72 

Width  of  fly-wheel   .        .        .        . 

8 

9 

lOj 

Weight  of  fly-wheel  in  cwt.  .        .     . 

8 

13 

16 

Diameter  of  boiler-barrel . 

34i 

36J 

40J 

Length  of  boiler  over  all       .        .     . 

147 

161J 

179 

Heating-surface  in  square  feet  . 

187-5 

250 

312-8 

Area  of  grate  in  square  feet .        .    . 

6-06 

6-6 

8-2 

Length  over  all        .... 

158 

173 

192 

Width  over  axles 

87 

89 

93 

Height  to  top  of  boiler      . 

109 

118 

126 

Working-pressure  in  lbs.  per  sq.  in.  . 

140 

140 

140 

Dimeusions  in  Indies. 
See  remarks  as  to  heating-surface  in  Table  112. 
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Fig.  941. 


Table  114-'Particular8  of  Single-Cylinder  Portable  Engines 
by  Messrs.  E.  B.  A  F.  Turner  (Fig.  941). 


Diameter  of  cylinder . 

6 

6f 

n 

8i 

9 

H 

m 

Length  of  stroke    .    . 

9 

lOJ 

lOi 

12 

12 

12 

12 

Revs,  per  minute 

180 

150 

150 

130 

130 

130 

130 

Piston  speed  in  feet ) 
per  minute      .    .  j 

270 

263 

263 

260 

260 

260 

260 

Best  aver,  indie.  H.P. 

6 

8 

10 

12 

14 

16 

20 

Diam.  of  crank-shaft . 

n 

2i 

n 

2} 

3 

3 

H 

Diam.  of  fly-wheel     . 

45 

52 

52 

60 

60 

60 

60 

Width  of  fly-wheel    . 

4i 

5 

5 

6 

6 

6 

7 

Weight  of    do.     cwt. 

3 

3i 

3i 

6i 

6| 

6i 

n 

Diam.  of  boiler-barrel 

24 

29 

29 

30| 

33i 

33i 

34i 

Length  of       do.   .    . 

62 

67 

81 

83 

80S 

85| 

95J 

Heating-surface,  sq.  ft. 

59-4 

78-36 

96-37 

109-03 

128 

144-27 

172-29 

Area  of  fire-grate,  sq.  ft. 

208 

2-38 

2-96 

3-27 

3-61 

412 

501 

Approx.  weight,  cwt. 

40 

50 

57 

65 

74 

82 

95 

Length  over  all . 

96 

112 

120 

126 

126 

132 

138 

Width  over  axles  .    . 

58 

66 

66 

73 

77 

79 

82 

Height  to  top  fly-wheel 

75 

93 

93 

99 

104 

106 

110 

Working-pressure  in  ) 
lbs.  per  sq.  inch  .  j 

80 

80 

80 

80 

80 

80 

80 

Dimensions  in  Inches. 
See  remarks  as  to  heating-surface,  &c.,-  in  Table  112. 
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Portable  engines  have  been  and  are  still  manufactured  in  large 
numbers  in  England,  and  have  settled  down  into  few  varieties.  In 
the  first  portable  engines,  pressures  were  low  and  there  was  no  objection 
to  throwing  the  whole  strain  of  the  working  on  to  the  barrel  plates  of 
the  boiler.  Now,  however,  with  higher  pressures  the  tendency  has 
been  to  relieve  the  boiler  as  much  as  possible  of  the  working  strain 
due  to  the  pressure  of  steam  on  the  piston,  by  adding  stay  bars 
between  the  cylinder  and  the  crank  shaft  bearings,  or  in  some  cases 
of  mounting  the  engine  on  a  frame  of  its  own  which  is  then  bolted 
to  stools  rivetted  on  the  boiler  ;  this  would  seem  to  commend  itself 
on  account  of  the  facilities  of  packing  foi  export,  and  facility  of 
carriage  up  difficult  countries. 

From  the  portable  engine  the  road  locomotive  or  traction  engine 
has  been  developed,  and  the  number  of  these  for  farm  purposes 
increases  every  year ;  they  do  not  differ  greatly  from  the  portable 
engine  as  lar  as  the  engine  itself  is  concerned,  but  have  the  addition 
ot  gearing  and  travelling  wheels  of  various  designs. 


JBoiler 


Fig.  941a. 


(Compound  portable  engines  have  come  into  favour  for  the  larger 
the  cylinders  of  these  are  usually  arranged  side  by  side,. 
Fig.  941a,  and  the  cranks  at  right  angles,  the  receiver  taking  the 
form  of  a  pipe  under  the  cylinders  and  concealed  in  the  casing  so  that 
the  receiver  has  the  advantage  of  being  well  protected  from  cold 
air,  and  from  its  position  close  to  the  boiler  top  is  kept  in  a  hot 
atmosphere.  The  steam  pipe  in  portable  engines  is  reduced  to  a 
minimum  in  length  and  the  steam  jacket  can  be  readily  drained 
direct  into  the  boiler ;  these  are  great  advantages  and  no  doubt 
contribute  to  the  very  economical  results  which  are  obtained  from 
portable  engines. 
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Table  116.— Particulars  of  Floor-Space  occupied  by  Coupled 
Compound  Condensing  Engines  by  Messrs.  B.  B.  & 
P.  Turner  (Fig.  943). 


Diameter  of  cylinders  .    . 

9& 
14 

10  & 
16 

11  & 

18 

12  & 
20 

13  & 
21 

14  & 
23 

15  & 
25 

16  & 
26 

Length  of  stroke 

16 

20 

20 

24 

24 

28 

28 

36 

Distance  from  cyl3.to  wall  a 

30 

30 

30 

30 

30 

30 

30 

30 

n                  »          »    ^ 

36 

36 

36 

36 

36 

36 

36 

36 

»>                 »          «     ^ 

12 

12 

12 

18 

18 

18 

18 

18 

Total  length  of  engine     C 

— 

201 

201 

237 

237 

272 

272 

342 

Total  width  of  engine  room/ 

173 

176 

176 

188 

190 

199 

202 

210 

Distance  between  centres  ^ 
of  cylinders 

78 

78 

78 

84 

84 

90 

90 

96 

Total  length  of  engine  t 
room      .        .        .     . 

— 

249 

249 

285 

285 

320 

320 

390 

Dimensions  are  given  in  Inches. 
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Fig.944. 


Table  117.— Particulars  of  Floor-Space  Occupied  by  Tandem 
Compound  Condensing  Engines  by  Messrs.  E.  B.  & 
P.  Turner  (Fig.  944). 


Diameter  of  cylinders        .    . 
Stroke  of  piston 

9& 
14 

16 

10  & 
16 

20 

11  & 

18 

20 

12  & 
20 

24 

13  & 
21 

24 

14  & 
23 

28 

15  & 
25 

28 

16  & 
26 

36 

Total  length  of  engine- room  L 

— 

327 

327 

381 

381 

— 





Total  width  of  engine-room  F 

— 

107 

107 

121 

121 

— 





Distance  from  engine  to  wall  c 

15 

15 

15 

15 

15 

15 

15 

15 

n                  w                  J9      d 

36 

36 

36 

42 

42 

42 

42 

48 

"               w              «    g 

30 

30 

30 

30 

30 

30 

30 

30 

Length  over  all  of  engine     C 

— 

276  276 

324 

324 

— 

— 

— 

Dimensions  arc  given  in  Inches. 
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Fig.  94Si 


Table  119.— Particulars  of  a  Double  Cylinder  Vertical 
Engine*  by  Messrs.  Bobey  &  Co.  (Fig.  945). 


Nominal  horse-power 
Diameter  of  cylinders,  each 
Length  of  stroke 
Revolutions  per  minute  . 
Best  average  I.H.P.  .  . 
Diameter  of  crank -shaft  . 
Diameter  of  fly-wheel  .  . 
Weight  of  fly-wheel,  cwt.  . 


16 

H 
12 
140 
32 
4 
60 
15 


Width  of  fly-wheel    . 
Height    to     centre     of^ 

crank  from  under  side  | 

of  standard    .        •    •  j 
Total  height      . 

„    width  . 

„     length      . 
Approx.  weight  in  cwt. 


For  80  lbs.  boiler  pressure. 


Diuiensioiis  are  given  iu  Inches. 
Z  2 


uo 
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Fig.  946. 

Table  120. — Particulars  of  Compound  TJndertype  Zngines 
by  Messrs.  Robey  &  Co.  (Fig.  946). 


Nominal  H.P. 


Diameter  of  H.P.  cylinder  . 
Diameter  of  L.P.  cylinder 
Length  of  stroke  . 
Revolutions  per  minute    . 
Best  average  I. H.P. 
Diameter  of  crank-shaft   . 
Diameter  of  fly-wheel  . 
Width  of  fly-wheel  . 
Weight  of  fly-wheel  in  cwts. 
Height  to  centre  of  boiler 
Height  to  centre  of  engine  . 
Diameter  of  boiler  . 
Length  of  boiler  . 
Heating-surface  in  square  feet . 
Grate  area  in  »q[uare  feet 
Width  over  all         .        .        . 
Approx.  weight,  cwts.  . 
Boiler-pressure 


5i 

m 

H 

23 

12 

24 

200 

100 

24 

150 

3i 

8 

68 

96 

n 

23 

H 

96 

46 

94i 

15i 

33i 

31§ 

61 

128 

231 

169-4 

757-7 

5-8 

21-8 

63 

126 

50 

380 

140 

140 

Dimensions  are  given  in  Inches. 
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Pig.  947. 


Table  121.— Particulars  of  Horizontal  Girder  Engines  by 
Messrs.  Bobey  Sc  Co.  (Fig.  947). 


Nominal  H.P. 

Diameter  of  cylinder  . 
Length  of  stroke 
Revolutions  per  minute 
Best  average  I.H.P.  . 
Diameter  of  crank-shaft 
Diameter  of  fly-wheel 
Width  of  fly-wheel 
Weight  of  fly-wheel,  cwts. 
Height  to  centre  of  cylinder 
Total  length  over  all 
Total  width  over  all    . 
Total  weighty  approx.  in  cwts. 
Boiler-pressure    . 


8 

80 

9 

18 

18 

36 

116 

75 

20 

100 

4 

8 

66 

144 

8 

17 

18 

90 

15 

28 

125 

247 

65 

134 

.48 

270 

80 

80 

Dimensions  are  given  in  Inches. 
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Fig.  948. 


Table  122. — Particulars  of  Compound  Coupled  Non-con- 
densing Engine  by  Messrs.  John  Fowler  &  Co. 


Diameter  of  high  pressure  ) 
cylinder  .        .        .        .  j 

10 

11 

13 

15 

Hi 

Diameter  of  low  pressure  ) 
cylinder      .        .        .     .  J 

16 

m 

23 

24 

27i 

Length  of  stroke 

20 

20 

24 

30 

36 

Dimensions  are  given  in  Inches. 
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Fig.  949, 


Table  123. — Particulars  of  Compound  TJndertype  Engines 
by  Messrs.  John  Fowler  &  Co. 


Diameter  of  high  pres- ) 
sure  cylinder .        .  J 

5| 

6S 

n 

8 

9 

10 

11 

12 

13 

17 

18 

Diameter  of  low  pres-  ) 
sure  cylinder     .    .  j 

9 

m 

lU 

12i 

14 

16 

m 

21 

23 

27 

29 

Length  of  stroke 

12 

14 

14 

15 

16 

18 

18 

24 

24 

30 

30 

Dimensions  are  given  in  Inches. 
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Table  124. — Single  Cylinder  Vertical  Engines  (Fig.  950) 
by  Davey,  Paxman  &  Co. 


Nominal  H.P. 

2 

3 

4 

5 

6 

8 

10 

12 

Diameter  of  cylinder  .    . 

4i 

H 

6i 

7i 

8i 

9i 

lOj 

12 

Length  of  stroke     . 

6 

7 

7 

8 

8 

9 

10 

12 

Revolutions  per  minute 

300 
400 

260 
350 

260 
350 

225 
300 

225 
300 

200 

260 

180 
250 

160 

220 

Best  average  LH.P.    .     . 

5 

n 

10 

12J 

15 

20 

25 

30 

Diameter  of  fly-wheel     . 

42 

42 

42 

48 

48 

48 

54 

54 

Width  of  fly-wheel     .     . 

^ 

4 

5 

6 

6 

7 

8 

8 

Table  125. —Double  Cylinder  Vertical  Engines  by 
Davey,  Paxman  &  Co. 


Nominal  H.P. 

4 

6 

8 

10 

12 

16 

20 

25 

Diameter  of  cylinders .     .. 

4i 

H 

6i 

n 

8i 

n 

10^ 

12 

Length  of  stroke 

.6 

7 

7 

8 

8 

9 

10 

12 

Revolutions  per  minute 

300 
400 

260 
350 

260 
350 

225 
300 

225 
300 

2()0 
260 

180 
250 

160 
220 

Best  average  I.H.P.    .     . 

10 

15 

20 

25 

30 

40 

50 

62 

Diameter  of  fly-wheel     , 

42 

42 

42 

48 

48 

48 

54 

60 

Width  of  fly-wheel     .     . 

5 

6 

7 

8 

9 

10 

11 

12 

All  Dimensions  are  given  in  Inches. 
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TJndertype  Engines  by  Messrs.  Davey,  Paxman  &  Co. 
Table  126.— Compound  Engines  (Fig.  951). 


Nominal  H.P.      . 

8 

10 

12 

16 

20 

25 

30 

35 

40 

50 

60 

Diameter  of  high  prea-  ) 
sure  cylinder         .   j 

H 

H 

7 

8 

9 

10 

11 

12 

12| 

14 

16 

Diameter  of  low  pres-  ) 
sure  cylinder    . 

9 

m 

Hi 

13 

14i 

16 

17J 

18J 

20 

22J 

26 

Length  of  stroke      .    . 

14 

14 

14 

14 

14 

18 

18 

24 

24 

24 

24 

Revolutions  per  minute 

156 

155 

156 

155 

155 

120 

120 

90 

90 

90 

90 

Best  average  I.H.P.      . 

20 

25 

30 

40 

50 

62 

76 

80 

100 

125 

150 

Diameter  of  fly-wheel  . 

60 

60 

60 

66 

66 

84 

84 

102 

102 

102 

102 

Width  of  fly-wheel  .    . 

7 

8 

9 

10 

11 

12 

14 

15 

17 

20 

22 

Table  127.— Single  Cylinder. 


Nominal  H.P.       . 

4 

5 

6 

8 

10 

12 

Diameter  of  cylinder        .     . 

6i 

n 

H 

H 

lOj 

12 

Length  of  stroke   . 

12 

12 

12 

12 

14 

14 

Revolutions  per  minute    .    . 

125 

125 

125 

125 

115 

115 

Best  average  I.H.P. 

6 

IH 

15 

20 

25 

30 

Diameter  of  fly-wheel       .     . 

52 

60 

60 

60 

66 

66 

Width  of  fly-wheel 

5 

5 

6 

7 

8 

9 

All  DimensioDB  are  given  in  Inches. 
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The  type  of  high  speed  single-acting  vertical  engines,  of  which  two 
examples  are  given  here,  has  come  into  use  of  late  years  in  a  remark- 
able manner ;  the  high  speed  which  is  safe  with  single-acting  engines 
would  be  destructive  to  double-acting  engines,  on  account  of  the 


Fig.  952a. 


reversal  of  strains  in  the  latter  causing  trouble  with  the  reciprocating 
parts.  These  engines  are  also  well  adapted  for  coupling  direct  to  the 
spindles  of  dynamos,  centrifugal  pumps  and  fans ;  the  latter  being 
bolted  to  the  same  bed-plate  as  the  engine.  The  central  valve 
engine,  fig.  952,  of  the  late  Mr.  Willans  is  very  largely  used  in 
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electric  light  dtations,  and  works  very  quietly,  and  is  capable  of 
making  long  runs  without  the  necessity  of  stopping  for  adjustment,  a 
special  advantage  •common  to  the  best  types  of  single-acting  high 
speed  engines. 

Another  efficient  form  of  high  speed  single-acting  engine  has  been 
brought  out  by  Messrs.  Bumsted  &  Chandler,  of  Hednesford, 
Staffordshire  ;  the  general  form  of  the  engine  is  shown  in  fig.  952a, 
and  tables  of  particulars  Nos.  129a  and  129b.  In  fig.  952a  the  doors 
M'hich  enclose  the  engine  are  removed  to  show  the  arrangement ;  the 
piston  and  valve  rods  work  through  ordinary  stuffing-boxes ;  these 
latter  never  being  subjected  to  the  full  pressure  of  the  steam  from  the 
boiler,  each  cylinder  receiving  but  one  charge  of  steam  per  revolution, 
the  piston  and  valve  rod  stuffing-boxes  at  the  lower  end  of  the 
cylinder  are  subjected  to  exhaust  pressure  only  ;  this  should  render 
the  packing  more  durable  than  when  subjected  to  steam  of  high 
pressure  and  temperature.  By  a  new  improvement  the  crank  shaft 
brasses  can  be  readily  taken  out  for  examination,  and  the  crank  shaft 
can  be  drawn  out  from  either  side  of  the  engine.  It  is  a  special 
feature  of  all  single-acting  engines  that  they  can  be  run  at  a  very 
high  speed  w^ith  but  little  noise,  owing  to  all  working  parts  being 
always  in  compression  the  strain  never  being  reversed. 


Fig.  952b. 


Indicator  diagrams  from  Bumsted  &  Chandler's  high  speed  comiwund-cond^^^^^^^^ 
ariSeengine  of  150  Indicated  H.P.  shewing  Iho  excellent  distribution  of  the  steam. 
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SECTION  vm. 

COMPOUND    ENGINES. 

The  early  compound  enginesby  Woolf  had  no  intermediate  receiver, 
and  the  passage  of  the  steam  was  direct  from  the  high  to  the  low 
pressure  cylinder.  In  some  cases,  as  in  figs.  953,  954,  both  pistons 
moved  together  in  the  same  direction.  A  form  of  valve  suitable  for 
this  kind  of  engine  is  shown  in  fig.  954,.  which  also  gives  a  section 


Fig.  953.  Fig.  954. 

through  the  cylinders  with  arrows  to  indicate  the  course  of  the  steam 
through  the  ports  and  passages.    In  this  arrangement  the  passages 


mm 


i^-^Pi 


^#- 


Fig.  966.  Fig.  ^6. 

to  the  low  pressure  cylinder  are  long  and  thus  give  a  large  clearance 
space. 
In  the  arrangement  shewn  in  figs.  955,  956,  the  pistons  move  in 
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opposite  directions.  The  clearance  space  here  is  less  than  in  the 
former  example,  figs.  953,  954. 

The  indicator  diagram,  fig.  957,  is  from  an  arrangement  like  fig.  956, 
with  cut-oflF  at  '4  in  the  high,  and  at  '8  in  the  low  pressure  cylinder. 

In  these  types  of  compound  engines,  it  is  a  good  plan  to  have  the 
cut-off  in  the  high  pressure  cylinder  controlled  by  tie  governor,  and 


Fig.  967. 


Fig.  968. 


that  of  the  low  variable  by  hand.  Tlie  side-by-side  cylinders,  with* 
pistons  moving  together  as  fig.  954,  have  been  much  used  for  beam 
pumping  engines. 


Tandem  Compound  Engine. 

The  tandem  horizontal  engines,  as  fig.  958,  often  have  a  receiver 
even  if  it  only  takes  the  form  of  a  large  connecting  pipe.  These 
engines  take  up  but  little  room  in  the  width,  but  are  rather  long. 

Examples  of  the  various  methods  of  connecting  the  high  and  low 
pressure  cylinders  of  tandem  compound  engines  are  shewn  in  figs. 
959—963. 


Fig.  959.~Highand  low-pressure  cylinders 
for  tandem  engine  by  Simpson,  of 
Dartmouth.* 


Fig.  960.— Connecting -piece  for  tandem 
cylinders  used  for  yertical  engines. 


*  For  performance  of  a  small  engine  of  this  type,  see  reports  of  judges  of 
Royal  Agricultural  Society's  meeting  at  Plymouth,  1890. 
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Fig.  P68. 

Figs.  061— 988.~Varioiis  methods  of  arranging  the  connecting-piece  and  glands  for 
tandem  cylinder. 


Compotuid  Eng^es  with  the  Cranks  at  90^ 


Fig.  964. 

The  outline  diagrams,  fig.  964,  shew  the  different  positions  of 
cranks  and  pistons  in  a  compound  engine  with  two  cranks  at  right 
angles  to  each  other,  and  fig.  965  shews  the  indicator  diagrams  corre- 
sponding to  the  two  cylinders.  H  in  fig  965  gives  the  position  of 
the  high  pressure  crank,  and  N  that  of  the  low. 

In  compound  engines  of  this  kind,  the  cut-off  in  the  high  pressure 
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cylinder  is  usually  controlled  by  the  governor,  and  that  of  the  low  is 
either  fixed  or  better  varied  by  hand. 


Pig.  966. 


Batio  of  Cylinder  Volumes  of  Compound  Eng^es. 


From  the  theoretical  diagram,  fig.  966,  the  ratio  of  the  cylinder 
volumes  can  be  determined  : 

t  =  the  temperature  of  the  entering  steam. 
p  =  pressure  of  the  entering  steam. 
<o  =  the  temperature  of  the  exhaust  steam. 
Pq  =  pressure  of  the  exhaust  steam. 
The  mean  temperature  of  the  cylinders  should  be  equal  to  half 
the  total  iaXL  of  temperature.    Let  the  range  of  temperature  difference 
in  the  two  cylinders  be  taken  as  nearly  equal  as  possible,  then 

t    ^t±J9 
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Prom  this  temperature  and  corresponding  pressure  p,  the  line 
passing  through  the  point  in  the  curve  at  the  height  pu,  will  be  the 
division  line  between  the  two  cylinder  diagrams,  and  6«  as  the 
admission  line  of  the  low  pressure  cylinder  diagram,  an  allowance  of 
about  3  lbs.  pressure  ('2  atmosphere)  being  made  for  the  drop  between 


Kg.  967. 


the  cylinders,  then  the  volume  of  the  high  pressure  cylinder  v  will 
be  a  little  less  than  6«.  The  diagram  can  be  then  rounded  off  and 
corrected,  when  it  will  appear  as  in  fig.  967.  Sometimes  the 
endeavour  is  made  to  exactly  equalize  the  work  in  the  two  cylinders, 
but  although  for  many  reasons  it  is  good  practice,  the  equality  can 
only  happen  at  certain  loads  unless  the  low  pressure  cylinder  is. 
provided  with  a  variable  expansion  gear  worked  by  hand. 


Receivers  for  Compound  Engines, 

The  receiver  was  formerly  merely  a  large  pipe  between  the 
cylinders  of  compound  engines,  or  in  some  cases  a  wrought- iron 
barrel  lagged  and  cased,  but  now  they  are  often  steam  jacketed,  and 
sometimes  constructed  as  in  fig.  968  with  tubes.  An  ordinary  form 
is  that  shewn  in  fig.  970,  which  is  simple  and  cheap  to  make. 

One  of  the  most  important  points  to  note  is  that  the  receiver  and 
jacket  should  be  efficiently  drained. 


Pig.  968.— Receiver  with  tubes." 


*Zeitschrift  d.  Verein  Deutsch  Ingenieur,"  1888,  plate  16. 
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Fig.  969.— Beceiver  with  tubes  for  tanaem  engine.* 


£ir^ 


Fig  V70.— Ordinary  jacketed  receiver. 


Fig  971— American  lacketed  receiver. t 


Triple  Expansion  Engines. 

a.  Marine  Engines. 

The  number  of  triple  expansion  engines  built  increases  every 
year,  and  it  is  now  the  recognized  type  for.  marine  engines  with  boiler 
pressure  of  about  160  lbs.  per  square  inch.  Four  different  arrange- 
ments are  in  use.t 

*  *'Zeitschrift  d.  Verein  Deutsch  Ingenieur,"  1890,  plate  22. 

+  Enffineering,  1891.  p.  750. 

X  These  arrangements  are  from  a  paper  by  Otto  J.  Miiller,  jun.,  "Zeit- 
schrift  d.  deutsches  Verein  Ingenieur,"  1887,  page  445.  See  also  "Pro- 
ceedings of  the  Institution  of  Meolianical  Engineers,"  July,  1891. 
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(1.)  In  fig.  972  there  are  cranks  at  right  angles,  and  No.  I.  cylinder 
is  placed  tandem  fashion  on  the  top  of  No.  IT.  A  special  variety 
with  No.  II.  cylinder  annidar^  and  placed  round  No.  I.,  see  fig.  973. 


Fig.  972. 


Fig.  974 


(2.)  Fig.  974  shews  the  very  usual  arrangement  with  three  cranks 
at  120°  to  each  other,  the  three  cylinders  side  by  side. 
(3.)  In  fig.  975,  there  are  two  high  pressure  cylinders,  Nos.  L 


Fig.  978. 


?ig.  077. 


1.  placed  over  Nos.  IT.  and  III. ;  in  this  arrangement  there  are 
two  cranks  at  right  angles  to  each  other.  An  elaboration  of  this 
arrangement  for  quadruple  expansion  is  given  in  fig.  976. 

(4.)  A  better  arrangement  for  quadruple  expansion  is  shewn  in 
fig.  977. 
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Stationary  Triple-Expansion  Engines. 

The  triple-expansion  engine  does  not  offer  such  great  advantages 
for  use  on  land  as  for  use  at  sea.  The  amount  of  steam  used  per  HP 
is  no  doubt  less,  especially  when  pressures  up  to  160  lbs.  per  square 
inch  are  employed,  than  with  simple  or  compound  engines  using 
lower  pressures.  The  disadvantages  of  triple  expansion  engines  con- 
sist of  an  increased  number  of  moving  parts,  by  about  one-third,  and 
the  cost  of  maintenance  and  repairs  are  increased.  The  high  pres- 
sures render  it  less  easy  to  keep  the  steam  pipes  and  joints  steam 
tight  The  power  absorbed  with  the  engine  running  empty  is 
greater  than  with  simple  and  compound  engines. 

Professor  Schoter  gives  an  interesting  account  of  experiments  with 
a  triple-expansion  engine  built  by  the  Augsburger  Engine  Company 
in  the  Zeitschift  d.  Verein  deutsches  Ingenieur,  1890,  No.  1. 

The  engine  had  two  cranks  at  90"* ;  the  (I)  high  and  (II)  inter- 
mediate cylinders  were  placed  tandem  with  one  piston  rod  common 
to  the  two,  and  the  (III)  low-pressure  cylinder  on  the  other  side  of 
the  fly-wheel. 

The  working  pressure  was  150  lbs.  per  square  inch,  and  the  engine 
condensing  ;  the  normal  HP  at  70  revolutions  per  minute  was  200, 
For  the  leading  dimensions,  see  Tiable  131. 


Table  131. — Leading  Particulars  of  Triple-Expansion 
Engine. 

High  Pressure 
Cylinder  I. 

Intermediate 
Pressure  Cylin- 
der 11. 

Low  Pressure 
Cylinder  ill. 

Front. 

Back. 

Front 

Back. 

Front 

Back. 

Diameter  of  pistons   . 

11-102 

17-75 

27-61 

Diameter    of    piston ) 
rods        .        .        .  ( 

2-95  1   3-35 

3-35  1     0 

3-35  1   3-35 

Stroke  .... 

39  37 

39-37 

39-39 

Ratio  of  cylinder  vols. 

1 

2-73 

6-63 

Ratio  of  cylinder  vols. 

— 

1 

2-34 

P«  in  lbs.  per  square  ) 
inch        .        .         .J 

48-36    46-65 

12-83 

13-11 

12-40 

12-30 

Dimensions  in  Inches. 

The  values  of  P«  are  from  the  mean  of  five  different  experiments. 
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A  set  of  indicator  diagrams  to  a  reduced  scale  with  pressures  in 
atmospheres  is  given  in  fig.  979. 


Fig.  979. 

Indicated  H.P. 

Cylinder  I.,  back     . 

Cylinder  II.,  front  . 

Cylinder  III.,  front . 

.    200-5. 


back 


Indicated  H.P. 

Cylinder  I.,  front     .    .    317 

Cylinder  XL,  back   .    .    201 

Cylinder  III.,  back  .    .    485 

Total  Indicated  H.P. 

The  steam  was  taken  from  a 
water  tube  boiler  by  Durr  &  Co., 
Batinger,  Diisseldorf,  with  a  per- 
mitted pressure  of  190  lbs.  per 
sq.  inch,  150  lbs.  only  being  used 
during  the  trials.  The  heating 
surface  of  the  boiler  was  1722 
square  feet.  The  steam  used  per 
I.H.P.  per  hour  was  12*52. 

From  diagrams  taken  with  the 
engine  running  light,  gave  23*8 
I.H.P.,  about  11*6  per  cent,  of 
the  normal  power. 

In  the  next  table  the  perform: 
ance  of  some  examples  of  triple 
expansion  engines  is  given  fvom  actual  practice. 


31-4 
19-5 
49-3 


Fig:  98a 
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Proportions  of  Cylinder  Volumes  with  equal  strokes  for 
Triple-Expansion  Engines. 


Fig.981. 


From  the  diagram  fig.  981,  the  proportions  of  cylinder  volumes 
can  be  detennined  : 

i  —  temperature  of  entering  steam. 

f  =  pressure  of  the  same. 

<i  =  temperature  of  steam  in  inter,  cylinder, 
|?i  =  pressure  of  steam  in  inter,  cylinder. 

<g  =  temperature  of  steam  in  LP  cylinder. 
p^  =  pressure  of  steam  in  LP  cylinder. 

Iq  =  temperature  of  exhaust  steam. 
Pq  =  pressure  of  exhaust  steam. 

Taking  the  mean  temperature  to  be  half  the  extreme  difference, 

t   =  ^L±Jo 
^  3 

t  +  2L 


Then  taken  the  corresponding  pressures  p^  and  j9,,  the  diagram  can 
be  divided  as  with  the  one  for  compound  engines,  a  drop  being 
allowed  of  3  lbs.  per  square  inch,  hu  and  h^  will  be  respectively 
the  points  of  cut-off  from  the  inter,  and  LP  cylinders ;  the  diagram 
may  then  be  corrected  for  compression  and  losses. 
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Figs.  982,  983,  shew  the  pistons  and  cranks  of  triple-expansion 
engines  in  various  positions. 


Fig.  982.  — Tripichezpansion  engine  with  two  receivers. 


Fig.  983.~{3emi-tandem  triple-expansion  engine  with  two  receivers. 
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u—j.  Ty-^-fcH 


Fig.  084. 


Fig.  98& 


Table  133.— Compound  Engine  for  Screw  Steamers 

(Figs.  984,  985). 

Stroke  of  both  pistons       .       .    H 

n 

n 

m 

131 

15t 

lot 

281 

Diam.  of  high-press,  piston     d 

sf 

6| 

h' 

9i 

Hi 

13} 

17 

Diam.  of  low-press,  piston  .   D 

8i 

lOf 

12i 

14& 

17} 

21} 

26i 

Proportion  of  cylinder  vols.   ^ 

2-5 

2-5 

2-5 

2-5 

2-5 

2-5 

2-5 

Proportion  of  H  :  d         .    . 

1-5 

1-5 

1-5 

1-5 

1-4 

1-4 

1-4 

Revolutions  per  minute      .  n 

280 

260 

245 

230 

210 

180 

150 

Piston  speed  in  ft.  per  min.    c 

365 

420 

470 

515 

530 

590 

590 

LH.P.with  105  lbs.  boiler  press. 

25 

50 

80 

120 

180 

270 

400 

Dimension  .        .        .        .a 

23f 

29i 

37i   45J 

65 

73 

90 

....   6 

23f 

29J 

37^ '  45^ 

55 

73 

90 

.        .        .        .   c 

H 

111 

16i 

191 

23§ 

37i 

47i 

„                    ....     6 

191 

24§ 

29i 

34i 

4U 

55 

70} 

„               .           .           .           ./ 

5* 

7 

8i 

9| 

11 

13} 

16J 

„                    .           .           .      .    flf 

lOi 

125 

15i 

17i 

20J 

25J 

30} 

.           .           .           .h 

4H 

51 

59 

70| 

78| 

98 

118 

.           .           .      .     t 

n 

9| 

12S 

15 

17 

21f 

26 

Weight  in  cwts.  .        .        .  G 

15i|31i 

55 

88i 

137 

236 

452 

All  Dimensions  are  given  in  Inches. 
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Fig.  988. 


Fig.  989. 
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SECTION   IX. 

INDICATOB   AND   INDICATOB   DIAGItAMS. 

In  the  beginning  of  section  IV.  on  Valve  gears,  page  161,  indicator 
diagrams  have  been  mentioned,  and  a  method  oi  drawing  an 
approximate  expansion  curve  has  been  given;  in  this  section  the 
subject  is  given  in  more  detail,  with  examples  of  diagrams  &om  actual 
practice. 

The  Indicator. 

The  original  indicator,  as  invented  and  made  by  James  Watt,  has 
been  since  improved  in  detail  although  the  principle  remains  the 
same.  The  object  of  the  improvements  has  been  to  decrease  the 
weight  of  the  moving  parts  and  to  make  the  stroke  of  the  piston  as 
short  as  possible. 


Fig.  990.— Richards'  Indicator. 


Fig.  991.— Thompson's  Indicator. 


Amongst  the  earliest  improvements  was  that  of  Richards,  fig.  990, 
who  reduced  the  stroke  of  the  piston  but  retained  the  longer  stroke 
of  the  pencil  by  introducing  a  system  of  light  levers  which  also 
formed  a  parallel  motion  for  the  same.  This  indicator  is  perhaps 
the  most  largely  used,  and  with  ordinary  speeds  gives  very  good 
results.    The  union  or  coupling  by  which  this  indicator  is  attached 
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to  the  cock,  is  cut  with  threads  of  different  pitches  in  the  two  parts, 
that  which  screws  on  to  the  indicator  itself  having  a  fine  thread,  and 
that  part  which  screws  on  to  the  cock  has  a  coarse  thread  ;  the  part  o^ 
the  cock  is  conical  and  fits  a  corresponding  taper  on  the  indicator ; 
this  makes  a  very  neat  arrangement,  and  easy  to  take  on  and  ofL 

Fig.  991  shews  a  modification  of  Richards'  indicator  by  Thompson. 
A  further  modification  by  Crosby,  fig.  992,  has  many  points  of 
interest,  the  spring  fixed  rigidly  only  to  the  cylinder  cover,  and  is 
attached  to  the  piston  by  a  ball  and  socket  joint ;  the  spring  is  also 
double  wound,  right  and  left  hand,  an  arrangement  intended  to  do 
away  with  any  tendency  to  twist  as  the  spring  compresses.  The 
whole  indicator  is  much  smaller  than  Richards',  and  better  adapted 


Fig;  992.— Crosby's  Indicator. 


Fig.  998.— Darlce's  Indicator. 


for  very  high  speeds.  The  coupling  for  attaching  the  indicator  is  like 
that  of  Richards,  but  has  a  right  and  left  hand  screw  instead  of  two 
right  hand  threads  of  different  pitch  ;  this  makes  it  much  less  easy  to 
take  on  and  off.  A  still  smaller  indicator  is  that  of  Darke,  ^g.  993, 
where  the  pencil  is  guided  by  a  loose  slide  in  a  slot ;  the  coupling 
is  the  same  as  that  of  Richards,  and  is  interchangeable  with  it. 
This  indicator  is  arranged  for  very  high  speeds,  and  is  fitted  with 
a  dentent  or  catch  to  hold  the  paper  drum  whilst  string  is  being 
hooked  on. 

The  stroke  of  the  paper  drums  in  all  these  indicators  is  neces- 
sarily much  less  than  that  of  the  engine.  To  reduce  the  stroke  a 
moving  lever  is  generally  used,  and  care  should  be  taken  in  leading 
the  string  to  the  indicator  tliat  its  motion  is  always  truly  in  the 
direction  of  the  axis  of  the  string. 

A  secjment  of  wood  fitted  to  the  lever  of  correct  proportion  to  give 
the  right  stroke  will,  if  of  sufficient  extent,  always  ensure  the  string 
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moving  correctly.  The  levers  may  be  made  of  wood,  or  better  of 
iron.  Figs.  994—997  shew  an  example  of  levers.  The  choice  of 
arrangement  of  indicator  gear  necessarily  depends  on  the  style  and 


Fig.  094. 


Fig.  996. 


Fig.  997. 


Fig.  995. 


position  of  the  engine  to  be  indicated  ;  sometimes  the  lever  may  have 
to  be  attached  to  the  walls  or  roof  of  the  engine-room,  but  now  the 
best  makers   will    supply  self-contained  indicator  gear  with  the 
engines  they  make. 
Fig.  998  ijhews  in  outline  an  indicator  gear  of  the  ordinary  lever 
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kind,  fitted  to  a  horizontal  girder  engine.  Fig.  999,  a  reducing  gear 
with  different  sized  drums  pulled  round  by  a  string  from  an  arm 
fixed  to  the  cross  head  ;  these  arrangements  are  not  so  simple  as  the 


Fig.  998. 


ordinary  lever ;  the  lower  end  of  the  lever  should  be  connected  to  a 
pin  in  the  crosshead  by  a  link  and  not,  as  is  often  done,  by  a  slot  in 


Fig.  yy9. 

the  end  of  the  lever  which  gives  more  error  to  the  motion  of  the 
p  per  due  to  the  arc  described  by  the  end  of  the  lever. 

The  practice  of  putting  the  indicator  on  el 
system  of  pipes  from  both  ends  of  the  cylin- 
der, fig.  999,  to  which  is  fitted  a  3-way  cock, 
gives  very  pretty  results  (fig.  1000)  by  enabling 
diagrams  from  both  ends  of  the  cylinder  to 
be  produced  on  one  card,  but  is  not  to  be  re-  Fig.  looa 
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Fig.  1001. 


oommended,  as  elements  of  inaccuracy  are  thus  introduced.  For 
very  exact  work  two  indicators  should  be  used,  one  for  each  end,  and 
occasionally  they  should  be  changed  over  from  one  end  to  the  other 
to  eliminate  a  possible  chance  of  error.  An  example  of  an  extreme 
case  of  error  from  long  pipes  is  given  on  page  378,  fig.  1017  ;  here 
the  pipes  were  lead  to  the  centre,  and  a  cock  fixed  at  each  end,  not 
even  with  a  3- way  cock  in  the  middle. 

Fig.  1018  shews  diagram  taken  from  same  engine  with  same  load 
on  with  indicator  fixed  direct  on  each  end  of  cylinder,  the  pipes 
having  been  removed.* 

Some  operators  prefer  to  have  a  sliding  joint  in 
the  string  by  using  a  piece  of  wood  or  metal  as  in 
fig.  1001  ;  this  may  be  of  use  with  slow  speeds,  but 
with  high  speeds  a  dead  length  string  with  a  small 
ring  at  the  end,  and  a  hook  on  the  indicator  strings 
or  vice  verm,  is  the  best,  or  the  string  can  be  arranged 
to  pull  through  the  edge  of  the  wood  segment  on 
the  lever  and  up  to  a  knot,  and  can  be  held  whilst 
taking  the  diagram,  and  thus  the  hook  need  not  be 
used. 

It  is  good  before  starting  to  indicate  an  engine  to 
put  the  string  on  stretch  in  the  engine-room,  so  as  to 
get  it  to  the  same  temperature  and  dryness  as  the 
surrounding  air;  if  this  be  done,  very  little  trouble  will  occur 
with  the  string  whilst  in  use.  In  indicating  the  pencil  should  be 
pressed  to  the  paper  very  gently,  and  if  the  engine  has  only  been 
running  for  a  few  days  or  hours,  that  is,  if  the  engiue  is  new, 
the  piston  of  the  indicator  should  be  taken  out  very  frequently 
and  the  cylinder  sponged  out ;  the  lower  limits  of  a  diagram  are 
very  liable  to  error  from  dirt  accumulated  in  the  cylinder,  and  an ' 
old  indicator  should  always  be  used  on  a  new.  engine  ;  no  instrument 
regarded  as  a  standard  should  be  applied  to  any  engine  which  has 
not  run  itself  clean  from  sand  ami  dirt  off  the  steam  ports  and 
passages.  If  after  having  taken  a  few  diagrams  the  atmospheric  line 
appears  to  be  a  trifie  higher  than  on  the  first  diagram  it  is  a  sure 
sign  that  the  cylinder  is  foul,  and  it  should  be  sponged  out  before 
any  more  diagrams  are  taken. 


*  Mr.  Haeder  nays  that  the  bosses  lor  indicator  cocks  are  tapped  with 
1"  BngUsh  thread.  In  England  the  custom  is  to  tap  with  j"  Whitworth 
thread. 
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To  calculate  the  power  from  an  indicator  diagram,  the  average  or 
mean  pressure  on  the  piston  is  found  either  by  using  a  planimeter  or 
more  conveniently  by  the  method  of  equidistant  ordinates.  The 
diagram  is  divided  into  ten  equal  parts,  figs.  1002,  1003,  and  the 
mean  height  of  each  part 
is  measured  by  the  scale  T  ' 
corresponding  to  the  spring 
used  in  the  indicator ;  the 
ten  mean  heights  are  then 
added  togetherand  divided 
by  ten ;  this  gives  the  mean 
pressure  on  the  piston  with 
fair  accuracy.  A  quick 
and  accurate  way  of  mea- 
suring the  added  lengths 
or  heights  of  the  ordinates 


Kg.  1002. 


is  to  take  a  narrow  strip  of  paper  and  to  mark  off  with  a  sharp  pencil 
the  length  of  the  first  division,  then  run  the  strip  to  the  next  and 
make  a  mark,  and  so  on  to  the  tenth,  then  measure  the  total  length 
between  the  first  and  last  mark  and  point  off  for  dividing  by  ten  ; 
this  gives  the  mean  pres-  ^  ^ 


f^ 


sure,  which  multiplied  by 

the  area  of  the  piston  in 

square  inches  by  twice  the 

stroke  in  feet,  and  by  the 

number  of  revolutions  per 

minute,  and  divided    by 

33,000,  gives  the  indicated 

horse-power.    If  diagrams 

be  taken  with  a  load  on 

the  engine  and  then  with 

the  load  off,  the  difference  ^^-  ^^• 

between  the  two  results  will  give  the  useful  or  effective  horse 

power.     It  is  not  easy  to  get  accurate  measurements  of  power  from  a 

large  engine  when  running  without  load,  and  therefore  it  is  seldom 

possible  to  get  the  true  effective  load  by  this  means  ;  but  a  fairly 

accurate  idea  of  the  power  taken  by  individual  machines  out  of  a 

large  number  driven  by  one  engine  may  be  obtained  by  indicating 

the  engine  with  thq  particular  machine  on  and  then  with  it  off,  and 

taking   the   difference   for    the    power    required    for  driving    the 

machine. 
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Indicator  Diag^rams. 

Combined  Diag^rams  from  Compound  Engines. 

The  proportion  of  the  area  of  the  combined  diagrams  to  the  area 

of  the  figure  A,  B,  C,  D,  E,  gives  approximately  the  eflficiency  of  the 

proportion  of  the  eflficiency  of  the  engine.    To  combine  the  diagrams 

from  the  two  cylinders  of  a  compound  engine  they  may  be  laid  out 

^1  ^rn^i'T 


h' 


s- 


-j-^ 


-^^ 


' '^,-*r_^-.^   /  [ 


/J- 


Fig.  1004. 

to  the  same  scale  and  length,  ly  so  that  the  admission  line  of  the  low 

pressure  diagram  comes  just  to  the  beginning  of  the  compression 

0^  of  high  pressure  diagram ;  the  low  pressure  diagram  is  then  laid 

y 
out  to  a  length  equal  to  the  proportion  of  the  cylinder  volumes  —  x  I, 

The  theoretical  expansion  curve  is  drawn  through  the  point  a,  and 
the  shaded  portion  will  show  the  theoretical  loss,  fig.  1004. 

«'  =  the  clearance  of  the  high-pressure  cylinder. 

«"  =  the  clearance  of  the  low-pressure  cylinder. 

o'  =  the  compression  in  high-pressure  cylinder. 

o"  =  the  compression  in  low-pressure  cylinder. 
The  effect  of  laying  out  combined  diagrams,  is  to  produce  a 
diagram  which  should  represent  what  would  take  place  in  one 
cylinder  of  the  volume  of  the  low-pressure  cylinder  of  the  compound 
engine. 
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ScaZee^ 


HIGH  PRESSURE  CYUMOEn 

Fig.  1006. 


LOW     P.RESSUne    OYUNOin 

Fig.  IWKJ. 

Diagrams*  from  compound  engine  witli  Davey  Paxman's  valve 
gear  controlled  by  the  governor.  The  two  valves  are  driven  by 
separate  eccentrics,  and  the  cut-off  valve  works  on  a  false  port  face 
between  the  main  and  cut-off  valves. 

♦  3ee  Jloyal  Agricultural  Society's  report  of  Newcastle  meeting,  18$7« 
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Biag^rams  from  Actual  Practice. 

Scales  of  all  are  given  in  fractions  of  an  inch  to  one  pdund  per 
square  inch. 


iig.  loor. 

♦Diagrams  from  a  portable  engine  fitted  with  single  valve  con- 
trolled by  Hai'tnell's  crank-shaft  governor.  Cylinder  Sj"  diameter, 
stroke  12^ 

a,  127  revolutions  per  minute  13*9  indicated  HP. 

b.  129  revolutions  per  minute  10*8  indicated  HP. 
e,  130  revolutions  per  minute  10*1  indicated  HP. 


^coie  jfe 


Scctl&dr 


Figs.  1008,  1009. 

Diagrams  from  compound  undertype  engine  with  high-pressure 
cylinder  valve  controlled  by  Hartnell's  governor  low-pressure  valve 
by  simple  eccentric. 

High-pressui?3  cylinder  S'^  diameter. 

Low-pressure  cylinder  12}"  diameter. 

Stroke  of  both,  14". 

Revolutions  per  minute,  156. 


See  reports  of  Cardiff  meeting  of  the  Royal  Agricultural  Society. 
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Kg.  loia 
Diagcams  from  condensing  engine  with  Meyer  valve  gear  and 
throttle  valve.    Cylinder  18^  diameter ;  3(r  stroke,    Kevolutions  per 
mmute  60. 


Scale^  iai 


Fig.  1011. 

Diagram  from  condensing  engine  with  cut-off  valve  controlled  by 
Hartnell  governor.  Cylinder  16J^  diameter ;  36^  stroke.  Revolu- 
tions per  minute,  63. 


ScaloA 


Figs.  1012, 1013. 

Diagrams  from  a  compound  horizontal  engine,  cranks  at  90°,  cut- 
off valve  of  high-pressure  cylinder  controlled  by  HartnelFs  governor 
the  valve  of  low-pressure  cylinder  worked  by  simple  eccentric 
Diameter  of  high-pressure  cylinder,  16''';  low-pressure  cylinder,  26"^ 
Stroke  of  both,  36".     Revolutions  per  minute,  67. 
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Figs.  1014, 1015. 


Diagrams  from  a  side  lever  marine  engine  by  Miller  &  Bavenhill, 
dated  1839,  used  as  a  stationary  engine. 


Fig.  1016. 


Diagram  shewing  a  case  of  accidental  re-admission  by  main  valve 
over-running  port  face.    Cylinder  Hi''  diameter,  24''  stroke. 


ligs.  loir,  1018 

Pig.  1017  shews  ttie  effect  of  long  pipes  between  cylinder  and 
indicator.  , 

Fig.  1018  from  same  engine  with  same  load,  the  indicator  being 
fixed  direct  on  cylinder  without  any  pipes.  Cylinder  l^i"  diameter, 
24"  stroke,  100  revolutions  per  minute. 
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Diagrams  shewing  the  Defects  in  Valve  Gears  which  may 
often  be  met  with  in  Practice. 


ffrozQ  Non-condensing       From  Condensing 
Engines.  Engines. 


Example  of  a  normal  in- 
dicator diagram,  from  an 
engine  with  good  expansion 
gear. 

Diagram  shewing  the  ef- 
fect of  throttling. 

Too  early  admission,  with 
light  fly-wheeL 

Too  late  admission. 


Leaking  valves,  allowing 
steam  to  pass  after  cut-off. 

Re-admission  after  cut-off, 
caused  by  re-opening  cut-off 
ports  before  main  valve  has 
closed  the  steam-port  See 
page  192. 

Too  late  opening  of  exhaust, 
or  may  be  caused  by  exhaust 
being  too  small. 

Load  too  light  for  size  of 
engine. 

Too  little  compression. 


Too  much  compression. 


.Z2 


^^ 


^ 


Fig.  lOlOl 

The  shaded  parts  in  the  above  diagrams  shew  the  losses. 


384  INDICATOR  AND  INDICATOR  DIAGRAKS. 

n 


DTDIOATOE  DIAORAHS. 


S85 


386  INDICATOR  AND  INDICATOR  DU6RAMS. 


Diagrams  from  Triple-Expansion  and  Compound 
Engines,  pages  880,  381. 

Nofl.  I.  &  II.,  S.S.  Bachheibel. 
III.,  S.S.  Falkenburg. 
IV.,  S.S.  African, 
v.,  S.S.  Arabia. 

VI.,  Stiilcheu's  3-cylinder  compound. 
VII.,  S.S.  Para. 

VIIL,  S.S.  Aberdeen,  with  superheater  efficiency  "O?. 
IX.,  S.S.  Wanderer. 
X.,  S.S.  Stella. 
XI.,  S.S.  Lusitania. 

XII.,  S.S.  Aberdeen,  with  superheater  efficiency  '65. 
XIII.,  Adamson's  quadruple-expansion  efficiency  *7I. 
XIV.,  S.S.  Isle  of  Dursey. 
XV.,  S.S.  Jungfrau. 
XVI.,  S.S.  Rimnag  na  Maia. 
XVII.,  S.S.  Sobraleuse. 
XVIII.,  S.S.  Nierstein. 

The  above  diagrams  are  from  a  paper  by  Otto  H.  Miiller,  "  Zeit- 
schrift  der  Verein  Deutsch.  Ingenieur,"  1887,  page  445,  and  shew 
different  ways  of  combining  diagrams  from  compound  engines. 


SECTION    X. 

CALCULATIONS   FOB   POWEB   AND   STEAM 
CONSUMPTION. 

The  followiBg  terms  and  letters  are  used  in  these  calculations : — 
N|  =  the  indicated  horse-power. 
N,  =  Ihe  effective  horse-power. 

Q  =  the  effective  surface  of  the  piston  in  square  inches.   - 
H  =  the  stroke  in  inches, 
n  =  the  revolutions  per  minute. 
c  =  the  piston  speed  in  feet  per  minute. 
h  —  the  admission  or  cut-off  when  H  =  1. 
P  =  the  initial  pressure  in  lbs.  per  square  inch. 
k  =  expansion  coefficient  dependent  upon  the  admission  k,  and 

the  clearance  «,  see  Table  135. 
8  =  the  clearance  space  in  terms  of  piston  area,  so  that  the  length 
of  the  line  «  on  the  diagrams,  figs.  1022,  1023,  represents 
the  volume  of  the  clearance  space  when  H  =  1. 
P«  =  the  mean  pressure  on  the  piston  in  lbs.  per  square  inch. 
P,  =  the  back  pressure  in  lbs.  per  square  inch. 
<r  =  the  sum  of  the  losses  of  work  by  wire-drawing,  compression, 
early  opening  of  exhaust,  back  pressure,  etc*. 

then  c  =  2Hn. 


33,000 

The  mean  pressure  V^  =  kp  —  (P.  +  cr). 
The  expansion  coefficient  k  ^  h  +  {h+  p)  loge    .  ;    see 

Tables  135  and  169. 

The  back  pressure  P.  of  the  exhaust  steam  is  dependent  on  the 
terminal  pressure  a>,  and  the  size  of  the  exhaust  passages. 

Table  137  gives  the  value  of  the  back  pressure  for  usual  propor- 
tions, and  for  a  speed  of  about  100  feet  per  second  of  the  steam  in 
the  passages,  allowance  also  being  made  for  the  sum  of  the  losses  o*. 

0  0  2 
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Tablb  135.— Value  of  the 

Ezpaiision  Coefficient  k, 

% 

Clearance  space  9.                                              1 

2% 

«%    !    4% 

6% 

6% 

7% 

8% 

^ 

10% 

0-00 

0079 

0-107  :  0-130 

0-152 

0-172 

0-191 

0-210 

0-226 

0-240 

002 

0151 

0-173  '  0-190 

0-210 

0-230 

0-250 

0-263 

0-276 

0-289 

0  04 

0-204 

0-232  1  0-250 

0-268 

0-280 

0-292 

0-302 

0-314 

0-328 

0  06 

0-255 

0-273  '  0-292 

0-303 

0-821 

0-332 

0-343 

0-353 

0-366 

0-08 

0  305 

0-321    0-337 

0-348 

0-363 

0-371 

0-383 

0-392  j  0-403  1 

010 

0-356 

0-369    0-381 

0-392 

0-403 

0  412 

0-422 

0-432 

0-440 

012 

0-394 

0-406    0-417 

0-427 

0-437 

0-446 

0-455 

0-464 

0-472 

014 

o-4ai 

0-442    0-452 

0-462 

0-470 

0-479 

0-487 

0-495 

0-503 

016 

0-467 

0-477 

0-486 

0-496 

0-502 

0-511 

0-518 

0-525 

0-533 

0-18 

0-502 

0-513 

0-519 

0-529 

0-533 

0-542 

0-548 

0-554 

0-562 

0-20 

0-535 

0-545 

0-552 

0-559 

0-565 

0-571 

0-577 

0-584 

0-590 

0-22 

0-564 

0-573 

0-578 

0-586 

0-592 

0-597 

0-603 

0-609 

0-615 

0-24 

0-592 

0-600 

0-606 

0-612 

0-615 

0-622 

0-628 

0-633 

0-639 

0-26 

0-619 

0-626 

0-631 

0-637 

0-643 

0-646 

0-652 

0-656 

0-662 

0-28 

0-645 

0-651 

0-655 

0-661 

0-667 

0-671 

0-675 

0-678 

0-683 

0-30 

0-670 

0-675 

0-680 

0-685 

0-689 

0-692 

0-696 

0-700' 

0-704 

0-32 

0-693 

0-697 

0-702 

0-706 

0-710 

0-714 

0-718 

0-721 

0-725 

0-34 

0-715 

0-718 

0-723 

0-726 

0-730 

0-734 

0-738 

0-741 

0-745 

0-36 

0  736 

0-738 

0-743 

0-745 

0-749 

0-753 

0-757 

0-760 

0-764 

0-38 

0-756 

0-757 

0-762 

0-763 

0-767 

0-772 

0-775 

0-778 

0-782 

0-40 

0-773 

0-775 

0-779 

0-781 

0-784 

0-787 

0-794 

0-797 

0-800 

0-42 

0-791 

0-792 

0-794 

0-798 

0-801 

0-803 

0-810 

0-812 

0-815 

0-44 

0-808 

0-809 

0-810 

0-814 

0-817 

0-818 

0-824 

0-826 

0-829 

0-46 

0-824 

0-825 

0-827 

0-829 

0-832 

0-834 

0-837 

0-839 

0-842 

0-48 

0-838 

0-839 

0-841 

0-843 

0-845 

0-847 

0-849 

0-851 

0-864 

0-50 

0-850 

0-852 

0-854 

0-856 

0-857 

0-858 

0-862 

0-864 

0-866 

0-55 

0-879 

0-881 

0-883 

0-885 

0-886 

0-887 

0-889 

0-890 

0-891 

0-60 

0-906 

0-908 

0-910 

0-912 

0-913 

0-913 

0-914 

0-915 

0-916 

0  65 

0-927 

0-929 

0-931 

0-932 

0-933 

0-934 

0-935 

0-935 

0-936 

0-70 

0-947 

0-949 

0-951 

0-952 

0-953 

0-953 

0-954 

0-954 

0-955 

0-76 

0-962 

0-964 

0-966 

0-967 

0-968 

0-968 

0-968 

0-968 

0-973 

0-80 

0-976 

0-978 

0-980 

0-980 

0-981 

0-981 

0-981 

0-981 

0-981 

0-90 

0-994 

0-995 

0-995 

0-995 

0-996 

0  997 

0-997 

0-998 

0*998 

Example,— Qiven  the  cut-off  h  =  %  the  clearance  space  «  =  7  per 
cent.,  the  expansion  coefficient  k  =  -571. 
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The   losses   of    power   from    wiredrawing,    &c.,    as    shown    in 
diagrams,  figs.    1022,  1023,  are  represented    by  o-,  expressed   in 


Fig.  1022. 


(W —  - — •'-^jjj 

Pig.  1028. 


pressure  on  the  piston  area  during  the  whole  stroke  in  lbs.  per 
square  inch. 

o-j  the  lass  due  to  wiredrawing  or  throttling  the  steam  during 
admission. 

o-j  the  loss  due  to  early  opening  of  the  exhaust. 

0*3  the  loss  due  to  the  back  pressure  of  the  exhaust  steam. 

0-4  the  loss  due  to  compression. 

0-5  the  loss  due  to  the  drop  in  pressure  in  compound  engines. 

<r  =  Ci  +  o-j  +  0-3  +  0-4  +  0-5  =  the  sum  of  all  these  losses. 

The  loss  <r,  by  wiredrawing  increases  with  the  lateness  of  the 
cut-off  h,  for  engines  with  the  usual  valve-gears,  Meyer's,  Rider's,  &c., 
and  is  given  in  Table  136. 


Table  136.— Valueg  of  o-i. 


Cut-off  h      .    . 

•06 

•10 

•15 

•20 

•30 

•40 

•50 

•60 

•70 

Without  jacket. 

1-14 

1-42 

1-70 

2-15 

2-56 

2-84 

3^41 

3^70 

4^00 

With  jacket      . 

•43 

•57 

•71 

1^00 

1-14 

1^42 

1-70 

2-00 

213 
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Table  137.~-Value8  of  o-g  in  lbs.  per  Square  IhcIl. 


exhaust  open- 

iug  before  end 

of  stroke. 

Without  condenser. 
Final  pressure  w  in  lbs.  per  sq.  in. 

With  condenser. 
Final  press,  in  lbs.  per  sq.  in. 

17-64 

29-4 

441 

58-8 

14-7 

29-4 

441 

•02 
•05 
•10 
•20 
•30 

•000 
•000 
•043 

•000 
•073 
•220 

1-17 

1-47 

•000 
•147 
•430 

1-32 

1-91 

•000 
•220 
•588 
1-47 
2-20 

•000 
•073 

•294 

•882 

•000 
•117 
•357 
M7 

•000 
•147 
•430 
1-32 

If  the  exliaust  opens  up  2  per  cent  or  less  before  the  end  of  the 
stroke  the  loss  is  very  small,  some  valve  gears,  however,  will  not 
allow  of  the  exhaust  being  kept  closed  later  than  from  20  to  30  per 
cent,  before  the  end  of  the  stroke. 

The  values  of  <r^  are  given  in  Table  137. 


Table  138. —Values  of  Back  Pressure  o-j. 


Exhaust  lead. 
Vo 

Without  condenser. 
Final  pressure  w  in  lbs.  i»er  sq.  in. 

With  condenser.          1 
Final  press,  in  lbs.  per  sq.  in.  1 

18-37 

29-"4 

<A'l 

58-8 

14-7 

29-4 

441 

Yo  =  a 

•000 

•043 

•147 

•430 

•073 

•147 

•294 

Vo  =  0-5  a 

•073 

•117 

•220 

•588 

•147 

•730 

117 

Vo  =  0-2  a 

•294 

•430 

•588 

1-03 

•688 

117 

176 

Vo  =  0 

•588 

132 

1-47 

1-76 

117 

1-47 

2-64 

The  values  of  0-3^  the  back  pressure  or  exhaust  resistance  caused 
by  early  closing,  are  dependent  on  the  inside  or  exhaust  lead^  and 
the  final  pressure  w,  and  are  given  in  Table  138. 
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Values  of  Compression  0-4. 
Table  139.-— Without  Condenser  (p.  =  16-4  lbs.  per  sq.  in.). 


Com- 

Clearance 

space  in 

per  cent,  of  stroke  s.                               1 

0 

2% 

3% 

4% 

6% 

6% 

7% 

8% 

9% 

10% 

0-00 

0 

0 

0 

0 

0 

0 

— 

— 

0025 

•228 

•214 

•209 

•185 

•171 

•128 

•114 

•085 

•071 

0060 

•626 

•551 

•485 

•415 

•341 

•271 

•228 

•185 

•142 

0-075 

•926 

•855 

•782 

•712 

•640 

•571 

•485 

•385 

•286 

0-10 

1-550 

1-38 

1-14 

•891 

•792 

•732 

•700 

•685 

•670 

0-15 

— 

2^70 

2-34 

1-96 

171 

1-44 

1-26 

1-06 

•99 

0-20 

— 

— 

3-47 

3-25 

2-90 

2-56 

2-28 

2-09 

1-71 

0-25 

— 

— 

— 

4-45 

410 

3-76 

3-51 

3-28 

2-98 

0-30 

— 

— 

—  - 

— 

5-32 

500 

4-75 

4-46 

3-75 

Table  140 

. — ^With  Condenser 

(Po  = 

3-13  lbs.  per  sq.  in. 

). 

0-00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0-025 

-028 

•028 

-028 

•028 

•014 

•014 

•014 

•014 

•014 

0050 

•071 

•057 

•043 

•043 

-028 

•014 

•014 

•014 

-014 

0075 

•142 

•128 

•114 

-081 

-057 

•043 

•028 

-014 

-014 

010 

-284 

•256 

•214 

•157 

•128 

-100 

•071 

•043 

-028 

0-15 

•525 

•470 

•412 

-341 

-285 

-256 

•228 

•209 

•171 

0-20 

-821 

•770 

•670 

•570 

•512 

•456 

•400 

•341 

•314 

0-25 

1-10 

1^01 

•925 

•810 

•770 

•728 

•640 

-527 

•485 

0-30 

1-54 

1-41 

1-24 

1-03 

•970 

•855 

-810 

•770 

•728 
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Values  of  the  Final  Pressure  w  in  Atmospheres  Absolute 
for  the  most  Economical  Normal  Horse-power. 

Table  142.— Simple  Engine. 


Ni. 

Non-condensing. 

Condensing. 

4-5-5 

6—7-5 

8-9 

10 

4-5-5 

6-7-5 

8-9 

10 

2—5 

2-0 

2-0 

21 

2-2 

— 

— 

— 

— 

5—10 

1-8 

1-8 

1-9 

2-1 

— 

— 

— 

— 

10—50 

1-6 

1-7 

1-8 

20 

0-8 

0-9 

10 

1-1 

50—100 

1-5 

1-6 

1-7 

1-9 

0-8 

0-9 

10 

11 

100—200 

1-4 

1-6 

1-6 

1-8 

0-7 

0-8 

0-9 

1-0 

200 
and  upwards. 

1-3. 

1-4 

1-5 

1-7 

0-7 

0-8 

0-9 

1-0 

Table  142a.— Compound  Engine. 


10-50 

— 

— 

1-6 

1-7 

0-7 

0-8 

0-9 

1-9 

50—100 

— 

— 

1-5 

1-6 

0-7 

0-8 

0-8 

0-9 

100—500 

— 

— 

1-4 

1-5 

0-6 

0-7 

0-8 

0-9 

500 
apd  upwards 

— 

— 

1-3 

1-4 

0-5 

0-6 

0-7 

0-8 

Example, — The  best  iinal  pressure  w  for  a  simple  condensing 
engine  with  N,  =  150  H.P.,  and  7  atmospheres  absolute  is  from 
the  Table  -8  atmospheres  absolute,  the  corresponding  cut-off  from 
Table  133,  with  7  per  cent,  clearance  space,  gives  -052, 
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The  losses  o-^  by  compression  given  in  Tables  139,  140,  are  depen- 
dent on  the  length  of  the  compression  period  o,  and  the  back  pres- 
sure P^  The  clearance  space  depends  on  the  kind  of  valve-gear 
used.    See  Table  33. 


Cleiarance  space  s  expressed  in  terms  of  length  of  stroke,  for  H  =  1. 
Table  143. 


Kind  of  valve-gear  used.                                                 1 

Ordinary 
valve-gear. 

Divided  valves  and 
piston  valves. 

Mushroom 
valves. 

Corliss 
valves. 

0-06  -  0-08 

0-03  -  0-06 

004 

0-025 

The  above  values  for  8  are  for  ordinary  piston  speeds.  For  very 
quick  running  engines  with  higher  piston  speed,  the  clearance  space 
may  be  double  the  value  given  alx)ve. 

A  coefficient  approximately  proportional  to  the  efficiency  of  an 
engine  may  be  found  by  dividing  the  mean  pressure  (taken  from  the 

P 

indicator  diagram)  by  the  final  pressure  (absolute)  — ?.  For  example, 

an  engine  giving  a  mean  pressure    of   37,     and  a  final  pressure 

37 
absolute  of  23*7,  gives  this    coefficient  ^— -    =  1*56.      In    many 

engines  this  coefficient  is  greater  than  2,  but  has  hardly  reached  3. 

The  water  per  IHP  per  hour,  can  be  approximated  from  the  co- 
efficient thus  obtained.  Divide  the  undermentioned  constants  by 
the  coefficient,  and  the  quotient  will  give  the  water  per  IHP  per 
hour,  in  lbs. 

When  the  final  pressure  is  about  5  lbs.  beUnc  the  atmosphere,  the 
constant  =  36 ;  with  a  final  pressure  15  lbs.  above  the  atmosphere, 
the  constant  =  34  ;  when  final  pressure  is  45  lbs.  above  atmosphere 
the  constant  =  32. 

Either  of  these  divided  by  the  coefficient  will  give  the  quantify  of 
water  per  IHP  per  hour,  very  nearly,  exclusive  of  the  losses  by  clear- 
ance and  condensation,  jacket,  &c.,  and  the  gain  by  compression. 
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Take  as  an  example  the  engine  before  referred  to  which  had  a 
final  pressure  of  9  lbs.  above  the  atmosphere,  and  use  corresponding 

constant  34      — -  =  21*7  lbs.,  add  ^  for  clearance  and  loss  ex- 

cliLsive  of  jacket  =  23-87  lbs.  per  1  H.P.  per  hour.  The  water 
measured  was  24-1  lbs.  per  1  H.P.  per  hour,  which  shows  how  near 
the  formula  is. 

Let  Z  =  ^'  +  Z^  resistance  in  non-condensing  engine  running  light ; 
I  =  l\  +  Z^         „  condensing         „  „ 

ft  coefficient  of  additional  friction  for  single  cylinder  engine. 
/i»         „  „  »       for  double      „  „ 

The  effective  power  for  single  cylinder  ^^}^  *  "^  K' 
^  e       J  33000  (I  _|.  ^) 

y,  „     for  double  cylinder  -^^1?5-ZA 

^  ^  ^  33000  (1  +  /!,) 


Table  144. 


D 

8 

16 

24 

82 

14 

r 

1-86 

1-00 

•671 

•428 

•285 

l\ 

314 

1-57 

1-00 

•715 

•571 

H' 

•18 

•14 

•12 

•10 

•08 

M. 

•20 

•16 

•13 

•11 

•10 

Table  145. 


p 

59 

88 

118 

V 
V 

1^14 
171 

1-43 
2^00 

1-71 
2-28 

p  =  pressure  in  lbs.  per  sq.  inch. 


By  very  careful  management  the  coefficient  /x  may  be  reduced 
by  30%. 
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Calculation  of  the  Power  of  Compound  Eng^es. 

The  power  of  a  compound  engine  should  be  the  same  as  if  the 
total  expansion  had  been  carried  out  in  one  large  cylinder,  the 
expression  for  the  total  expansion  being 

initial  absolute  pressure  __  P 
final  absolute  pressure         to  * 

In  figures  1024, 1025, 

h  =  the  period  of  admission. 

8  =  the  clearance. 

w  =  the  final  pi-essure. 

d  =  the  diameter  of  the  high-pressure  cylinder. 

h\  »',  w',  =  as  above  for  the  high-pressure  cylinder. 

D  =  diameter  of  low-pressure  cylinder. 

h^f  »*,  it^  =  as  above  for  the  low-pressure  cylinder. 
y 
—   =  the  ratio  of  the  cylinder  volumes. 

Q  =  the  surface  of  the  low-pressure  piston. 

Av.  =  the  ideal  admission  reduced    the   low-pressure 

cylinder  volume  corresponding   to   the  total 

expansion. 

«  =  ^  for  determining  the  mean  pressure  for   the 
-  ideal  value  of  the  clearance  space. 

Then,  taking  the  stroke  of  both  cylinders  to  be  the  same, 
Taking  no  account  of  the  clearance  space. 


Allowing  for  the  clearance  space. 

V  X  (/  +  g^)   ^    _P_  =         1         ^  1 

,    ExampU. — To  calculate  the  nominal  power  of  a  compound  con- 
densing engine. 

Diameter  of  high-pressure  cylinder  ,    ,    d  15j". 

Diameter  of  low-pressure  cylinder         .   D  24*. 

Stroke  of  both  .        .        „        .        .    .  H  27^". 
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Eatio  of  cylinder  volumes      .        .        .  -    =  2*36. 

V 

Revolutions  per  minute     .        .        .    .  n    =  75. 
Initial  pressure  absolute        .        .        .  P    =  103. 
Clearance  space  of  low-pressure  cylinder    «*'  =  about  5  per  cent. 
Final  pressure  w  =  le^  from  Table  142a,  w    =  11*76. 

Ideal  clearance  space  St  =  ^~  .    .  *,   =  0*02. 

2*35 

Ideal  admission  from  Table  141     .        ,  hi   =  0*1. 

CoeflScient  of  expansion  from  Table  135 .  k   =  0*356. 

Back  pressure  and  loss  of  work      .  P.  +  o-   =7. 

Then  the  mean  pressure  P^  =  ifcp  —  (P,  +  cr)  =  '356  x  103  — 

7  =  30*7  lbs.  per  square  inch. 

The  piston  speed  in  feet  per  minute,  c  =  344. 
the  effective  area  of  the  piston,  Q  =  446  square  inches  ; 
^e  ideal  indicated  horse-power  N,, 

The  friction  coefficient  /i,  =  016  (Table  144). 

The  resistance  of  the  engine  when  running  empty  (see  Tables  144, 
145).  1  =  1',  =  214  +  1-56  =  3-7  ; 

then  the  effective  horse-power  N, 

^     Qg(P.-0    =  446x344(3017-3-7)  ^         ,    ^^g 
33000  (1  +  fi.)  33000  (1  +  016)  ^ 

The  admission  or  cut-off  in  the  high-pressure  cylinder  is  deter* 

mined  as  follows  : — 

P  103 

The  total  expansion  being  -^^    =  — -i—  =  8*76, 

If  now  «'««*'  =  0-05, 

then  ya+^  =  2-35  x  105  ^    ,^ 

V  {h'  +  8')  h'  +  005  '    ' 

therefore  V  -  ^'^^,^,^'^^  -  005  =  0-2a 

875 
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The  final  pressure  in  the  high-pressure  cylinder  will  be 

^  _  (h'  +  s')  P  ^  (0-23  +  0-05)  X  103  ^  27.4 
^      1  +  «'  1-05 

and  we  shall  have  the  mean  pressure  in  the  low-pressure  cylinder, 
taking  the  drop  of  pressure  as  5*88, 

f  =  27-4  -  6-88  =  21-62 

then  it  follows  that 

^.  ^  w^  (1  +  O  ^  ^  ^  11-76  X  1-05    _  Q.^j5  ^  .g2g        .5^ 
p"  21*52  ^ 

If  the  horse-power  is  given,  and  the  diameter  of  the  low-pressure 
cylinder  is  requii*ed,  it  can  be  approximated  in  the  following 
manner : 

From  Table  142,  p  is  selected,  P«  from  Table  1-46,  and  c  from 
Table  147, 

then  Q  =  33000_xJ^, 


Table  14& 


p.= 

Initial  pressure  in  lbs.  per  square  inch. 

59 
23-5 

74 
26-5 

88 
31 

103 
35-2 

118 
38-2 

132 
41 

147 
46-2 
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Indicator  Diagrams  for  the  Normal  Horse-Power  for  tlie 
Compound  Engines  given  in  Table  147. 


Fig.  1024.— Pressures  in  atmospheres  absolute. 

ft/  —  p*  =  the  drop  in  the  pressure. 
The  power  in  both  cylinders  is  nearly  equaL 


Indicator  Diagram  for  the  Maximum  Horse-Power  for  the 
Compound  Engines  given  in  Table  147. 


Fig.  1029. 
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SECTION   XL 

THE   EFFECT    OF    THE   INEBTIA   OF    THE 
BECIPKOCATINa   PARTS    OF    A   STEAM    ENGINE. 

Tb^e  effect  of  the  inertia  of  the  reciprocating  parts  of  an  engine 
especially  with  high-  speeds  may  have  a  great  influence  on  the 
smoothness  of  the  running.*  The  effect  of  inertia  has  been  ignored 
by  engine  makers,  it  was  pointed  out  in  a  paper  on  the  Allen  engine 
by  Mr.  C.  T.  Porter  in  1868,t  with  special  reference  to  the  change 
in  direction  of  the  pressure  on  the  crank-pins  of  steam  engines  at 
certain  parts  of  the  stroke. 

Let  P  =  the  weight  of  the  reciprocating  mass  in  lbs. 
/  =  the  surface  of  the  piston  in  square  inches. 

The  approximate  proportion  of  weight  to  piston  surface  will  be 

P  P 

•-  =  3*98  for  horizontal  non-condensing  engines,  -^  =  4*27  for  hori- 

J  J 

zontal  condensing  engines.  In  the  Allen  engine  above  alluded  to, 
the  weight  of  the  reciprocating  parts  was  470  lbs.,  and  the  piston 
surface  113  square  inches ;  this  gives  the  proportion  P  to  /  as  4*16 
tol). 

H  =  stroke  in  feet. 
r  =  Crank  radius  in  feet. 

n  =  Revolutions  per  minute. 

V  =  =  the  average  speed  of  the  crank  pin  in  feet  per  second. 

(a.)    The  Connecting-Bod  of  Infinite  Length. 

The  pull  on  the  connecting-rod  necessary  to  overcome  the 
inertia  of  the  reciprocating  parts  is  equal  to  the  horizontal  component 
of  the  acceleration  of  the  crank  pin  multiplied  by  the  mass  moved ; 
at  the  dead  point  this  component  is  equal  to  the  total  acceleration  of 

the  crank  pin  towards  the  centre  of  the  crank  shaft,  t.«.,  to  - . 

*  Badinger  Maschinen  mit  hoher  Kolbengeschwindigkeit. 

t  Institation  of  Medianloal  Engineers'  Proceedings,  April,  1868. 
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The  total  drag  on  the  connecting-rod  at  the  beginning  of  the 
■p„a 
stroke  is  therefore  — ,  hence  the  pressure  on  unit  surface  of  the 
gr 

face  of  the  piston  necessary  to  neutralize  this  —  — ?  =  sl.     At  the 

highest  point  of  the  crank  5'  =  0,  since  at  that  point  there  will  be 
no  further  pressure  expended  in  producing  acceleration  of  the 
reciprocating  parts,  as  the  piston  has  attained  the  same  speed  as  the 
crank  pin.  At  intermediate  points  q  ='  qi  cos.  a>,  where  a>  =  the 
angle  swept  out  by  the  crank  pin  from  the  dead  point. 

It  is  easy  to  represent  graphically  the  retarding  or  accelerating 
forces  acting  on  the  piston  due  to  the  inertia  of  the  reciprocating 
parts,  as  in  this  case  the  motion  of  the  piston  is  simple  harmonic,  i.«., 

Pig.  1026. 

the  acceleration  and  therefore  the  accelerating  force  is  proportional 
to  the  distance  of  the  face  of  the  piston  from  the  centre  of  its  path. 
If  we  plot  out  a  curve  where  the  ordinates  are  pressures  and  the 
abscissae  the  corresponding  position  of  the  piston,  we  get  a  straight 
line  which  cuts  the  axis  of  abscissae  at  the  point  k  where  q  =  0, 

Example,  To  determine  the  effect  of  the  inertia  of  the  moving 
parts  of  an  engine  where  the  diameter  of  the  piston  D  =  16'  and  liie 
stroke  H  =  28'',  n  =  100. 

By  our  formula  ?  =  3*98. 

.'.  P  =  3-98  X  16«  I 

=  798  lbs. 
=  2?r  X  100  X  I 
"  60 

=  12*2  feet  per  second. 
The  pressure  per  square  inch  on  the  face  of  the  piston  necessary  to 
move  the  reciprocating  masses  at  the  beginning  of  the  stroke 

^P^.  ^        798  >^  (12-2)'  ^49.411^ 

gif        32-2  xl  X  16«  X  J 
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The  pressure  diminishes  towai*ds  the  middle  of  the  stroke,  where 
it  vanishes^  the  inertia  of  the  reciprocating  masses  then  assists  the 
steam  pressure,  at  the  end  of  the  stroke  this  pressure  is  49*4  lbs.  per 
square  inch. 

In  order,  therefore,  that  the  pressure  on  the  crank  pin  may  be 
constant,  we  must  have  high  pressure  at  the  beginning  of  the  stroke, 
and  low  pressure  at  the  end  of  the  stroke.  The  expansion  of  the 
steam  does  this,  and  compensates  to  a  great  extent  for  the  forces 
introduced  by  th6  inertia  of  the  reciprocating  parts.  If  the  compen- 
sation is  not  sufficient  the  momentum  of  the  fly-wheel  must  help  to 
drag  the  piston  to  its  full  speed  at  the  beginning  of  the  stroke,  and 
oppose  its  motion  at  the  end.  Consequently,  there  is  a  change  from 
extension  to  compression  in  the  connecting-rod  and  a  knock  ensues 
which  if  neglected  soon  causes  trouble.  To  remedy  this,  the  steam 
must  be  cushioned  at  the  end  of  the  stroke  by  closing  the  exhaust 
early.  The  energy  possessed  by  the  moving  reciprocating  masses  is 
thus  employed  in  compressing  the  steam,  and  is  restored  at  the 
beginning  of  the  stroke  where  it  is  wanted. 


(b.)    With  Connecting-Bod  of  Finite  Length. 

Let  L  =  the  length  of  the  connecting-rod. 

^  =  ratio  of  crank  radius  to  length  of  connecting-rod. 
L 

q  =  accelerating  pressure  in  lbs.  per  square  inch  of  the  piston 
face  necessary  to  overcome  or  retard  the  inertia  of  the 
moving  parts. 

a>  =  the  angle  swept  out  by  the  crank  arm. 

Then  g  =  -L  (cos,  ©  +  |r-  cos.  2  «)  approximately.  At  the  dead 
point  for  the  outstroke  q^  =  -^(l  +  t\  and  opposes  the  steam  pressure 

at  the  dead  point  at  the  end  of  the  stroke  q^  ==  —   (\  -^  J^\  and 

assists  the  steam  pressure.    The  space  S,  travelled  by  the  piston 
when  the  crank  arm  has  turned  through  an  angle  a>  is  given  by 

S  =  r  ( 1  —  cos.  io  -{■  —  L.  sin.'  ©^  approximately. 
This  distance  S  is  best  calculated  by  graphical  construction. 
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The  case  of  ^    =  -  is  shown  in  fig.  1027. 
L  5 

For  all  values  of  S  the  ordinates  are  plotted  out. 

'^ W" 

!         S         ! 


1*^ --V«^>4^..>;. 


Ouistroke- 


lA--^^     : 


=  0; 


Figs.  1027—1029. 

6  P«». 


9i  = 


5   grf 


«  =  180  ;   g,  =  -  -  -^. 


±ai« 


1^ 


Return  stroke  (steam  pressure  acting  in  opposite  direction) — 

,.  —  iQrkO  .  »         4    Pv* 

<»-]80;        3x  =  ^-^; 

6   Pu» 


;  ?.  =  - 


6  W 
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wlien  «  =  V9°;     s  =  046  H  ;    g  =  0. 

©  =  259";   «  =  0-54H;    ^  =  0. 

Example.— Take  an  engine  where  D  =  16^  H  =  28'',  w  =  100; 
L  =  6r. 
Then  as  in  preceding  example — 

P  =  798  lbs.  V  =  12-2  feet  per  sea 

g^  =  I  X  49-4  =  59-3. 

g,  =  I  X  49-4  =  39-5. 

Suppose  the  steam  pressure  to  be  140  lbs.  per  square  inch  at  the 
beginning  of  the  stroke  and  to  be  expanded  five  times ;  the  pressure 

at  the  end  of  the  stroke  would  be  i —    —  15   =   16  lbs.  per 

5 

square  inch  approximately. 

The  pressure  on  the  crank  pin  at  the  beginning  of  the  stroke 
would  be  =  (140  -  59*3)/  =  80-7/,  and  at  the  end  of  the  stroke  it 
would  be  =  (16  +  39*5)/  =  56*5/.  If  the  steam  had  been 
expanded  2*8  times,  the  pressure  at  the  end  of  the  stroke  would 
equal  the  pressure  at  the  beginning  of  the  stroke.  Had  there  been 
no  expansion,  the  pressures  would  have  been  807/ at  the  beginning 
and  179 '5 /at  the  end  of  the  stroke.  The  pressure  on  the  crank  pin 
at  the  end  of  the  stroke  would  thus  have  been  more  than  double  the 
pressure  at  the  beginning. 

The  values  of  q  are  plotted  out  in  fig.  1027.  In  fig.  1028  the 
pressure  on  the  crank  pin  is  represented  graphically  when  the  steam 
pressure  is  maintained  constant  throughout  the  stroke.  The  shaded 
area  above  the  line  is  exactly  equal  in  area  to  the  unshaded  area 
below  the  line  which  could  have  been  predicted  since  the  energy 
communicated  to  the  reciprocating  masses  at  the  beginning  of  the 
stroke  is  equal  to  the  energy  given  up  by  them  at  the  end  of  the 
stroke. 

In  fig.  1029,  we  see  the  influence  of  the  reciprocating  masses  on 
the  pressure  on  the  crank  pin  for  the  same  engine  when  the  cut-off 
is  at  0*4  of  the  stroke.  From  the  diagram  it  is  apparent  that  with 
quick-running  engines  working  with  late  cut-ofii  the  pressure  on  the 
crank  pin  due  to  the  inertia  of  the  reciprocating  masses,  and  the 
pressure  of  the  steam  combined  at  the  end  of  the  stroke  far  exceeds 
the  admission  pressure.  Cushioning  the  steam  gets  over  this,  and  it 
seems  at  first  sight  to  be  most  advantageous  to  have  the  compression 
at  the  dead  point  =  the  final  steam  pressure  +  the  pressure  due  to 
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the  reciprocating  masses ;  i.«.,  c  =  w  +  q^  (fig.  1030).     Thiis  the 
admission  pressure  can  be  easily  calculated. 


Fig.  1030. 

In  order  to  carry  out  a  high  degree  of  expansion,  a  high  speed  of 
piston  is  necessary,  for  the  inertia  of  the  reciprocating  parts  in  this 
case  compensates  for  the  extreme  variation  in  steam  pressure  conse- 
quent upon  an  early  cut-off.  If  we  consider  smoothness  of  running 
only,  the  engine  should  be  run  so  fast  that  the  driving  force  pro- 
duced by  the  highest  pressure  of  the  steam  cannot  exceed  the  inertia 
of  the  reciprocating  parts,  then  a  knock  upon  the  centres  becomes 
impossible. 

The  usual  small  compression  given  in  slow-going  engines  causes 
nearly  the  whole  of  the  initial  pressure  to  act  suddenly  on  the  piston, 
and  this  makes  the  connecting-rod  knock  on  the  crank  pin. 

The  author  holds  that  it  is  of  the  very  greatest  importance  to  have 
smooth  and  noiseless  running,  and  this  is  only  possible  with  the 
help  of  compression.  In  engines  with  double  valve  gear  and  large 
clearance  spaces,  it  is  difficult  to  obtain  sufficient  compression,  most 
makers  avoiding  the  large  valves  and  eccentrics  necessarily 
required. 

As  a  general  rule,  always  endeavour  to  have  the  compression  in  a 
non-condensing  engine  at  least  equal  to  half  the  admission  pressure  and 
in  a  condensing  engine  as  much  as  possible. 

We  can  employ  the  standard  proportions  given  on  page  181. 
The  valve  gear,  page  184,  can  only  be  used  with  divided  valves 
(i.6.,  in  two  short  valves,  one  at  each  end  of  the  cylinder  for 
short  ports)  with  small  clearance  space.    The  end  pressure  due  to 

compression  C  =  ^^  "^  ^^    Pq  can  be  determined  by  the  use  of  the 

Tables  148  and  149,  when  the  valve  s  of  the  clearance  space,  and  the 
portion  of  the  stroke  during  which  compression  takes  place,  are 
known.  The  pressures  in  the  Tables  are  given  in  atmospheres. 
Non-condensing  engines  [P^  =  1'15],  condensing  engines  [Pq  =  0*2J. 

■p„2 

Value  of  gr  =  — -  (atmos.) 
9U 
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Table  148. — Pressure  due  to  Compression  in  Absolute  Atmo- 
splieres  for  Non-Condensing  Engines,  Pq  =  1*15  At.  Abs. 


Coin- 
presslon 
period. 

Clearance  space  a  in  per  cent.                                      1 

0 

2 

8 

4 

5 

6 

7 

8 

9 

10 

•00 

115 

115 

115 

115 

M5 

1-15 

1-15 

1-15 

1-15 

•025 

2-55 

2-10 

1-87 

1-73 

1-63 

1-56 

1-50 

1-47 

1-44 

•050 

4^00 

306 

2^59 

2-30 

2-11 

1-97 

1-87 

1-78 

1-72 

•075 

5-46 

4-03 

3-31 

2-87 

2-57 

2-38 

2-28 

2-11 

201 

•100 

6-90 

4-90 

4^03 

3-45 

307 

2-79 

2-59 

2-42 

2-30 

•150 

— 

6-90 

5-46 

4-60 

400 

3-60 

3-31 

306 

2-87 

•200 

— 

— 

6-90 

5-75 

4-98 

4-43 

4-03 

3-70 

3-45 

•250 

— 

— 

690 

5-95 

5-29 

4-74 

4-34 

4^02 

•300 

— 

— 

6-90 

607 

5-46 

4-98 

4-60 

Table 

149.- 

For  Condensing  Engines  Pq  = 

=  •2. 

•00 

•20 

•20 

•20 

•20 

•20 

•20 

•20 

•20 

•20 

•025 

•45 

•37 

•33 

•30 

•28 

•27 

•26 

•26 

•25 

•050 

•70 

•53 

•45 

•40 

•37 

•34 

•33 

•31 

•30 

•075 

•95 

•70 

•57 

•50 

•45 

•41 

•38 

•37 

•35 

•100 

h20 

•86 

•70 

•60 

•53 

•48 

•45 

•42 

•40 

•150 

1^70 

1-20 

•95 

•80 

•70 

•63 

•57 

•53 

•50 

•200 

2-20 

1-53 

1-20 

100 

•86 

•77 

•70 

•64 

•60 

•250 

2-70 

1-86 

1^45 

1-20 

1^03 

•97 

•82 

•75 

•70 

•300 

3-20 

2-20 

1^70 

1-40 

1^20 

ro5 

•95 

•86 

•80 

The  pressure  of  the  compression  C  rises  to  a  height  which  may  be 
obtained  by  the  formula 

C  -  (£_±j)  P 

and  can  be  taken  from  the  above  tables  for  any  given  per-centage  of 
clearance. 
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Tabijb  160.— Values  of  -V  ^  Atmospheres. 


stroke 

in 
inches. 

H 

Diam.  of 

piston  iu 

inches. 

D 

Revolutions  per  minute 

n. 

60 

75 

100 

150 

200 

800 

400 

500 

6 

4 

•04 

•08 

•15 

•35 

•60 

1-40 

2-50 

4-00 

12 

8 

•10 

•21 

•40 

•90 

1-60 

350 

— 

— 

20 

12 

•18 

•42 

•70 

1-50 

3-00 

— 

— 

— 

28 

16 

•27 

•60 

1^00 

2-50 

4-30 

— 

— 

— 

36 

20 

•34 

•75 

1-30 

3^00 

5^40 

— 

— 

— 

44 

24 

•40 

•90 

1-60 

350 

— 

— 

48  . 

28 

•45 

1^05 

P80 

4^00 

— 

— 

— 

— 

56 

32 

•50 

1-20 

210 

4-70 

— - 

— 

— -• 

— 

64 

36 

•60 

1-35 

2-40 

5-40 

— 

— 

— 

— 

72 

40 

•70 

1-50 

2-70 

6-00 

— 

— 

— 

— 

Uiiit  to  calculate  with  ^  x  --L_  =  .^^  ^Co^...  = 
grf        U'7        180  x  322  x  14^7 

•0000463  n«  H  in  atmospheres. 

•0000463  X  14-7 n«H  =  -000681  n«H  in  lbs.  per  square  inch. 
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Example. 


Let  H  =  48", 
D  =  28", 

n  =  150,      £=4. 

By  the  table 

^"^  -  415  atmos. 

grf 

Thus 

q^  =  4-15  X  1^  =  4-98, 

g,  =  416  X  i^  =  3-32. 

Initial  pressure 

jp  =  7  atmos. 

h  =  cut-off  at  0-2. 

8  =  6%  clearance. 

This  gives  the  pressure  diagram,  fig.   1031.    The  part  shaded 


vertically  for  the  outstroke,  and  that  shaded  horizontally  for  the 
back-stroke. 


SECTION  xn. 

FRICTION   BRAKE,    DYNAMOMETER. 

In  making  trials  of  small  engines,  a  friction  brake  is  used  to 

absorb  the  power  during  the  trial    The  original  friction  brake,  fig. 

1032,  is  due  to  Prony.     A  pair  of  wooden  clamps,  to  one  of  which  a 

lever  I  is  fixed,  are  bolted  together,  fig.  1032,  and  nip  the  shaft  to 

which  they  are  applied  with  more  or  less 

"1^=^ {^L^   pressure  according  to  the  tightne&s  of  the 

^  ^  KMh    ^^^  J  ^^®  ^^^^*  being  run  in  the  direction 

j  1^*^   of  the  arrow,  tends  by  friction  between 

J,  - ....  ^ -T;«|    I     the  clamps  and  shaft  to  raise  the  weight 

1032  ^  »  ^^  *^^®  ^^^^*  ^""®  uniformly  and  the 

**'       *  belts  are  adjusted  so  as  just  to  keep  the 

weight  balanced,  the  effect  is  very  nearly  the  same  as  if  the  work 

done  was  that  of  raising  the  weight  continuously  at  the  speed  G 

would  move  if  allowed  to  run  with  the  ehaft 

Let  G  =  the  weight  required  in  lbs. 
I  =  the  length  of  the  lever  in  feet. 
n  =  the  revolutions  per  minute,  so  the  "  brake  horse 
power  "  given  out  by  the  machine  will  be 

B  HP  =  G  X  ^^  ^  ^  ^  ^ 
33000 

and  G  for  any  required  load  will  =  '^^000  (B  HP)  ^ 

This  form  of  brake  is  still  used  in  special  cases,  but  the  more 
modern  form  of  rope  brake,  fig.  1033,  is  now  much  used.  The  rope 
R  is  spliced  or  seized  together  at  one  end,  and  passed  through  the 
"  bight "  as  in  the  figure  ;  to  the  upper  a  spring  balance  is  hooked, 
the  balance  itself  being  hung  from  a  firm  support ;  to  the  other  end 
are  attached  the  weights  necessary  to  give  the  required  load.  The 
rope  is  kept  in  its  place  by  blocks  of  wood  6,5  ;  a  small  block  of  wood 
c,  is  inserted  to  keep  the  rope  from  nippirg  the  other  part  which  is 
on  the  wheel.     If  required  for  long  runs,  the  wheel  is  made  with 
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:  deep  flanges  P,  and  water  i3  run  in  to  keep  it  cooL  The  calculation 
is  the  same  as  for  the  Prony  brake,  taking  the  length  of  I  from  the 
centre  of  the  shaft  S  to  the  centre  of  the  rope ;  but  in  measuring  the 


work  done,  frequent  readings  of  the  spring  balance  must  be  taken 
and  subtracted  from  the  weight  to  give  the  time  load  lifted.  These 
brakes  work  very  well,  require  but  little  attention  and  are  fairly 
reliable. 


SECTION   XIII. 

SXJNDBY   DETAILS. 

Diagrrams  of  Special  Reversing  Gteam. 

In  addition  to  those  already  shown  on  page  224,  the  diagrams 
below  show  the  principle  of  some  special  reversing  gears  that  are 
sometimes  nsed  for  marine  and  other  engines.* 


Figs.  1084, 1035.— Reversing  gear  by  Hackworth. 


'Zsitschrift  der  deutsch  Ingenievr,"  1885,  page  949. 
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Fig.  1036.— Reversing 
gear,  by  King. 


Pig.  10S7.— Reversing  gear,  by  Joy. 


Barring  Apparatus. 


PIks.  1039, 1040.— Simple  lever  action. 
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SUNDBY  DETAILS. 


Figs.  1041,  l(H2.~Doable  lever  action. 


Pigs.  1048, 1044.— Worm  and  worm-wheel. 


8TBENGTH  OF  BOLTS. 


415. 


Table  161.— Strength  of  Bolts. 


Diameter  of 
bolts. 

No.  of  threads 
per  inch. 

Diameter  at 

bottom  of 

thread. 

Area  at  bottom 
of  thread  in 
sq.  inches. 

Load  on  bolt  in 

lbs.  -when  -tress 

on  metal  is  1  ton 

per  sq.  inch. 

f 

16 

•295 

•0683 

153 

& 

14 

•346 

•0942 

211 

i 

12 

•393 

•1213 

272 

« 

11 

•508 

•2027 

454 

i 

10 

•622 

•3039 

681 

i 

9 

•733 

•4230 

945 

1 

8 

•840 

'5542 

1241 

li 

7 

•942 

•6969 

1561 

U 

7 

1-070 

•8992 

2014 

It 

6 

1161 

1^0569 

2368 

H 

6 

1-287 

1-2999 

2910 

n 

5 

1-369 

1-4210 

3193 

n 

6 

1494 

1-7530 

3927 

2 

4i> 

1-715 

2-3087 

5172 

H 

4 

1-930 

2-9241 

6560 

2i 

4 

2180 

37311 

6358 

All  Dimensions  are  given  in  Inches. 


BECTION    XIV. 

BOIIiSBS. 

In  the  following  pages  (416  to  441),  particulars  of  the  most  usual 
types  of  boilers  will  be  found,  together  with  figures  showing  their 
general  construction. 

Elephant  or  French  Boiler. 

Figs.  1045,  1046,  show  this  type  of  boiler,  which  has  been  largely 
used  in  France  and  occasionally  in  England ;  the  table  gives  the 
general  proportions. 


Table  152.— Dimensions  of  Elephant  Boilers. 


Nominal  H.P 

10 

•12 

•15 

•20 

•26 

•30 

Length  of  boiler  in  feet      .        .     . 

14 

16 

18 

23i 

28 

30 

Diameter  of  heaters,or  "  bouilleurs," ) 
in  inches     .        .        .        .         ( 

18 

19 

20i 

21i 

23 

24 

Diameter  of  shell  in  inches 

30 

32 

34 

36 

38 

40 

Approximate  heating  surface  in  sq.ft. 

169 

203 

254 

338 

422 

507 

Figs.  1045,  1046.— Elephant  Boiler. 
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Ckxmish  Boilers. 


Figs.  1047, 1048. 

This  type,  together  with  the  douhle  flued  or  Lancashire  boiler, 
fig.  1053,  is  perhaps  more  largely  used  on  land  than  any  other  type 
for  supplying  steam  for  steam-engines,  or  general  manufacturing 
purposes. 

The  Tables  153  to  166,  with  the  exception  of  table  161,  give  the 
dimensions  of  these  boilers  by  different  English  makers. 

Table  153.— Dimensions  of  Cornish  Boilers  made  by 
Messrs.  Marshall,  Sons  &  Co.  Limited. 


Nominal  H.P. 

4 

6 

8 

10 

12 

14 

16 

20 

26 

Dia.  of  boiler  . 

3' 10" 

4' 5" 

4' 5" 

4' 9" 

5' 3" 

5' 4" 

5' 9" 

6' 2" 

6' 2' 

Length     „      . 

9'   0" 

wr 

13' 2" 

14' 6" 

14' 9" 

17' 6" 

19' 4" 

21' 0" 

26' 3" 

Dia.  of  flue      . 

24 

28 

29 

31 

34 

34 

36 

39 

39 

No.  of  Gallo- ) 
way  tubes    J 

— 

— 

— 

— 

2 

3 

3 

4 

4 

Weight  in  cwts. 

44 

• 

67 

77 

104 

110 

139 

153 

180 

215 

Table  154.^— Cornish  Boilers  made  by  Messrs.  Davey, ' 
Paxman  &  Co. 


Norn.  H.P. 

4 

6 

8 

10 

12 

14 

16 

20 

25 

30 

Dia.,  boiler 

3' 6" 

3' 8" 

4' 6" 

4' 6" 

4' 9" 

4' 9" 

5'0" 

5' 6" 

5' 6" 

5' 9" 

Length  „ 

9'0" 

12' 0" 

12' 0" 

15' 0" 

15'0" 

18' 0" 

20' 0" 

21' 0" 

24' 0" 

26' 0" 

Dia.  of  ) 
flue,  ins. ) 

24 

24 

30 

80 

32 

32 

33 

36 

38' 

38 
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Seating  for  Cornislx  Boilers  (Figs,  1049 — 1061). 


The  ordinary  arrangement  of  flues  for  Cornish  boilers  is  shown  in 
the  above  figures,  1049, 1051  ;  in  all  cases  where  possible,  the  flues 
should  be  made  large  enough  to  admit  of  thorough  inspection  being 
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Table  155.— Cornish  Boilers  made  by  Messrs.  Buston, 
Proctor,  Limited. 


Nominal  H.P.  . 

3 

4 

6 

8 

10 

12 

14 

16 

20 

Diam.  of  boiler. 

3'0" 

3' 6" 

4'0" 

4' 6" 

4' 6" 

5'0" 

5'0" 

5' 6" 

6'0" 

Length  of  boiler 

8'0" 

90" 

10' 0" 

12' 0" 

15' 0" 

16' 0" 

18' 0" 

19' 0" 

2^0" 

Diam.  of  flue     . 

20 

22 

24 

28 

28 

32 

32 

38 

40 

No.  Galloway ) 
cross  tubes .  J 

1 

2 

2 

2 

3 

3 

3 

4 

4 

Table  156. — Cornish  Boilers  made  by  Messrs.  Bansomes, 
Sims  &  Jefferies,  Limited. 


Nom.  H.P. 

4 

6 

8 

10 

12 

14 

16 

20 

25 

30 

Dia.,  boiler 

3' 6" 

4'0" 

4' 6" 

4' 6" 

5'0" 

5'0" 

5' 6" 

5' 6^ 

6'0" 

6'0" 

Length  „ 

9'0" 

10' 0" 

12' 0" 

15' 0" 

16' 0" 

19' 0" 

20' 0" 

23' 0" 

24'0"27'0"| 

Dia.  of  flue 

24 

24 

28 

28 

32 

32 

36 

36 

40 

40 

No.   Gallo. 
cross-tubes 

1 

1 

2 

2 

2 

3 

3 

4 

.   4 

6 

Bouble-Flued  or  Lancashire  Boiler  (Figs.  1052, 1053). 


Fig.1052. 


Fig.  1053. 


This  type  is  generally  used  for  large  boilers  on  land,  and  is  very 
efficient  and  durable.  Below  are  tables  of  dimensions  of  these 
boilers  by  the  same  English  makers  as  those  given  of  Cornish 
boilers,  and  in  the  same  order. 

Table  157. — Dimensions  of  Lancashire  Boilers. 


Nominal  H.P. 
Diameter  of  boiler 
Length   . 
Diameter  of  flues 
Weight  in  cwts. 


20 

25 

30 

35 

40 

6' 2" 

6' 6" 

6' 8" 

6' 8" 

7'0" 

19' 0" 

22' 0" 

24' 0" 

27' 0" 

28' 0" 

28" 

30" 

30" 

30" 

32" 

200 

235 

250 

276 

300 

E  E  2 
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Nominal  H.P. 

20 

25 

30 

35 

40 

45 

50 

55 

Diameter  of  boiler  . 

5' 6" 

5' 6" 

6'0" 

6*3" 

6' 6" 

6' 9" 

ro" 

7'6" 

Length  of  boiler      . 

19' 0" 

21' 0" 

22'  6" 

24'0"26'0" 

28' 0" 

30' 0" 

30' 0" 

Diameter  of  flues    . 

24 

24 

27 

28 

30 

31i 

33 

36 

Table  159. 


Nominal  H.P. 

18 

22 

25 

28 

30 

35 

40 

50 

Diameter  of  boiler  . 

5' 6" 

6'0" 

6'0" 

6' 6" 

6' 6" 

6' 6" 

7'0" 

7'0" 

Length  of  boiler      . 

19' 0" 

20' 0" 

24' 0" 

24' 0" 

26' 0" 

28' 0" 

28' 0" 

30' 0" 

Diameter  of  flues    . 

22 

26 

26 

29 

29 

29 

31 

31 

No.  of  Galloway    ) 
^cross-tubes       .   ] 

6 

6 

6 

6 

6 

8 

8 

10 

Table  160. 


Nominal  H.P. 

16 

20 

25 

30 

35 

40 

45 

50 

Diameter  of  boiler  . 

6'0" 

6'0" 

6' 6" 

6' 6" 

7'0" 

7'0" 

7' 6" 

7' 6" 

Length  of  boiler 

19' 0" 

22' 0" 

23' 0" 

26' 0" 

28' 0" 

30' 0" 

28' 0" 

30' 0" 

Diameter  of  flues    . 

28 

28 

28 

28 

32 

32 

36 

36 

No.  of  Galloway    ) 
cross-tabes       .    j 

4 

4 

6 

6 

8 

8 

8 

8 

Seating  for  Lancashire  Boilers  (Figs.  1054 — 1056). 

The  flues  in  the  above  figs.  (1054 — 1056),  are  shown  arranged  fot 
the  hot  gases  to  pass  through  the  flues,  then  down  underneath  the 
boiler,  then  round  the  sides,  and  finally  to  the  chimney.  With 
Cornish  boilers  the  flues  are  usually  arranged  to  take  the  hot  gases 
round  the  sides  first,  and  then  along  underneath  the  boiler.  Each 
method  has  its  advocates,  but  it  is  generally  held  that  in  Lancashire 
boilers  the  hottest  possible  gases  should  pass  underneath,  in  order  to 
act  on  the  body  of  water  between  and  below  the  flues ;  in  Cornish 
boilers  there  is  less  water  under  the  flue. 
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Oomish  Boilers  of  German  Type,  with  Flue  on  one  side. 

Fig.  1067'  Fig.  1059. 


Fig.  1058. 


Fig.  1000. 


Table  161.— Dimensions  of  German  Cornish  Boiler  Seating^ 

(Figs.  1057—1060). 


Horse- 
power. 

Heating- 
surface 
sq.  feet 

L 

B 

H 

« 

b 

c 

e 

f 

2 

54 

95 

77i 

70 

18 

32 

6 

20 

20 

4 

97 

136 

82 

75 

20 

36 

7 

20 

20 

6 

140 

173 

85 

77 

22 

39 

7} 

20 

20 

8 

172 

198 

87 

78 

24 

43 

8 

24 

24 

10 

215 

220 

92 

81 

26 

47 

9 

24 

24 

15 

300 

228 

98 

90 

28 

51 

10 

24 

24 

25 

430 

285 

110 

94 

30 

65 

11 

28 

28 

40 

690 

340 

118 

94 

32 

59 

12 

28 

28 

50 

860 

427 

138 

96 

34 

63 

13i 

28 

28 

All  dimensions  in  Inches  except  heating-surface,  which  is  given  in  square  feet. 
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Cylindrical  tf  ultitubular  Boilers. 


Figs.  1061, 1062. 


Table  162.— Dimensions  of  Multitubular  Cylindrical 
Boiler  (Figs.  1061,  1062). 


Nominal  H.P. . 

6 

8 

10 

12 

14 

16 

20 

25 

30 

35 

40 

50 

Dia.  of  boiler  . 

H 

H 

4 

4 

4i 

4i 

5 

6 

6 

6 

6i 

6i 

Length    „ 

6 

n 

8 

9 

n 

lOi 

IH 

12J 

12i 

13i 

13i 

1 

No.  of  tubes     . 

22 

22 

28 

28 

32 

32 

38 

44 

40 

52 

60 

60 

Dia.  of  tubes    . 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

- 

Heating-surface 

— 

— 

— 

— 

— 

— 

— 

-• 

'  — 

— 

— 

— 

This  type  of  boiler  is  set  in  brickwork,  the  furnace  and  flue  doors 
being  also  built  in. 

The  boiler  is  fired  from  below,  and  the  gases  pass  along  under- 
neath the  boiler  and  through  the  tubes,  returning  back  by  the  sides 
to  the  chimney.  The  tubes  are  easily  got  at  for  cleaning,  and 
almost  any  description  of  fuel  may  be  used.  These  boilers  are 
suitable  for  export,  owing  to  their  small  size  in  proportion  to  their 
heating  surface,  and  are  convenient  for  export. 
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Multitubular  Loco-Type  Boilers. 

1 


Table  163.— Multitubular  Loco-Type  Boilers  for  140  lbs. 

working  pressure. 

Nominal  Horse-power. 

8 

10 

33i 

12 

16 

20 

41i 

25 

47i 

80 

60 

40 

Diameter  of  boiler    . 

31i 

35i 

39 

52 

Length  of  boiler  .     . 

135 

146 

148 

162 

172 

187i 

189i 

235^ 

Number  of  tubes 

31 

38 

34 

36 

43 

58 

64 

73 

Length  of  tubes  .     . 

77i 

81 

81 

96 

102 

108 

108 

123 

Diameter  of  tubes     . 

n 

2i 

2i 

H 

2i 

n 

H 

2i 

Heating  surface   .     . 

144-2 

158-3 

189-7 

230-2 

285-5 

3980 

439-5 

618-4 

Length  of  fire-box    . 

31 

35 

35 

37 

38 

43J 

45} 

56i 

Grate  area,  sq.  ft 
Thickness  of  plates, ) 
tube   .        .        .) 

5 

6-5 

7-3 

7-8 

90 

121 

i 

13-6 
1 

17-7 

Thickness  of   fire-  ( 
box,  top  and  sides  J 

Thickness  of  front ) 
plate,  fire-box     .  J 

Thickness  of  front ) 
tube  plate,  fire-box  J 

Thickness  of  barrel  . 

ft 
ft 

f 

i 
ft 

ft 

i 
i 

i 

ft 

i 
i 

i 

ft. 

i 
i 

i 

i 

Diameter  of  chimney 

12 

15 

15 

15 

18 

18 

20 

26 

Length  of  smoke-box 

24i 

25 

25 

25 

26^ 

m 

31i 

40i 

DimensioDs  in  Inches,  except  heating  surface  which  is  in  sq.  feet. 

This  is  a  well-tried  type  of  boiler,  and  is  universally  used  for 
locomotives,  and  portable  and  traction  engines. 
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Multitubular  Loco-Type  Boilers. 

These  boilers  are  similar  to  those  shown,  fig.  1063,  Table  163,  but 
for  smaller  powers  ;  and  are  for  80  to  90  lbs.  working  pressure. 


Table  164. — Dimensions  of  Loco- Type  Boilerd. 


Horse-power. 

8 

4 

5 

6 

35i 

1 

8 

9 

10 

12 

Dia.  of  boiler 

28^ 

31i 

33J 

m 

39 

39 

4H 

43i 

Length    „      .    . 

102i 

115 

115i 

117 

125 

129 

133 

139 

146J 

No.  of  tubes 

15 

19 

21 

25 

27 

31 

33 

36 

39 

Length    „      .    . 

57 

66 

67 

67 

72J 

76 

78 

78| 

87} 

Dia. 

^ 

2i 

2i 

2i 

2i 

2i 

2i 

2i 

2i 

Total  heating-    ) 
surface  of  boiler  j 

66-9 

94-5 

105-5 

1220 

140-7 

165-5 

179-5 

197-8 

234-fe 

Length  of  fire-box 

22J 

24J 

25 

25J 

26i 

27i 

29i 

32i 

32i 

Grate  area,  sq.  ft. 

3-37 

4-59 

4-67 

507 

5-51 

616 

6-59 

7-83 

8-28 

Thickness  of     ) 
front  tube  J 

i 

i 

i 

fe 

1^6 

ft 

ft 

ft 

r 

„        fire-box  ) 
side  &  top  plates  J 

^ 

il 

& 

5 
16 

S 

«. 

8 

8 

8 

Thicknessoffire) 
box  front  plate  J 

^a 

& 

^ 

/« 

§ 

§ 

f 

f- 

8 

Thicknessoffire ) 
box  tube  plate  J 

i 

i 

4 

I's 

ft 

A. 
10 

_9 
16 

ft 

f 

Thickness  of     ) 
barrel  plates    ) 

i 

i 

i 

& 

^ 

ft 

ft 

8 

§ 

Dia.  of  chimney. 

8 

9 

10 

12 

12 

12 

12 

15 

15 

Length    of        ) 
smoke-box  .    ( 

17 

19 

19 

19| 

20i 

20| 

20 

20 

21i 

Dimensions  in  Indies,  except  heating  surface  which  is  given  in  sq.  feet. 
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Vertical  Boilers. 


Fig.  1064. 


Fig.  1065. 


Owing  to  the  comparatively  small  space  which  vertical  boilers 
occupy,  and  their  convenient  shape,  they  are  largely  used,  notwith- 
standing the  fact  that  their  efficiency  does  not  approach  to  either 
Cornish,  Lancashire,  or  multitubular  boilers.  The  form  shown  on 
fig.  1067,  is  in  most  general  use,  owing  to  its  simplicity  and  cheap- 
ness ;  it  is  at  the  same  time  perhaps  the  most  wasteful  of  fuel,  to  do 
away  with  which  defect  many  other  forms  of  vertical  boilers  have 
been  constructed,  to  give  increased  heating  surface  and  greater 
economy.  Fig.  1064  shows  one  of  these  arrangements,  in  which  the 
uptake  is  dispensed  with,  the  gases,  &c.,  from  the  fire-box  passing 
through  vertical  tubes  to  the  chimney.  Fig.  1065  shows  a  vertical 
boiler  constructed  by  Messrs.   Cochrane,  of  Birkenhead.     In  this 


VERTICAL  BOILERS. 
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case  the  gases  aie  conducted  up  one  side  of  the  boiler,  and  then  pass 
through  a  number  of  horizontal  tubes  to  the  uptake  ;  the  tubes  being 


Fig.  1066; 


arranged  to  give  easy  access  for  cleaning.    Fig.  1066  shows  a  good 
form  of  vertical  boiler  by  Messrs.  Tinker,  Shenton  &  Co. 
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Small  vertical  boilers  are  used  for  steam  fire-engines  where  steam 
has  to  be  raised  in  the  very  shortest  possible  time.    They  have  a 


Fig.  1009.— Fire-enKine  boiler  with 
cross  and  vertical  tubes. 


Fig.  1070.— Fire-engine  boiler 
mtii  Field  tabes. 


Fig.  1071.— Fire-engine  boiler  with  cross-tubes. 

very  small  water  capacity,  and  are  made  to  take  to  pieces  for 
cleaning.  Figs.  1069  to  1071,  show  in  diagram  types  of  these 
boilers. 
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ICarine  Boilers. 


The  type  of  marine  boiler  has  gradually  settled  down,  after  many 
modifications,  into  an  internally  fired  flue  and  tube  boiler,  and  has 


Fig.  1072. 


Section  Al 

Fig.  1073.  ' 


now  been  successfully  used  on  board  ship  for  pressures  up  to  170 
lbs. ;  160  being,  however,  the  usual  limit.  Figs.  1072,  1073,  show 
in  diagram  the  general  construction  of  the  modem  marine  boiler. 

In  torpedo  boats  the  locomotive  type  of  boiler,*  as  well  as  the 
above,  was  largely  used,  but  now  a  strong  tide  in  favour  of  water- 
tube  boilers  has  set  in. 
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Pig.  1074. 


Fig.  1075, 


WATER-TUBE  BOILERS.  433 

Water-Tube  Boilers. 

A  very  great  advance  has  been  made  in  the  construction  of  this 
most  important  type  of  boiler  in  the  last  few  years,  and  now  numbers 
of  them  are  in  use  both  on  land  and  sea.  For  land  use,  a  feature 
important  in  towns  liable  to  sudden  fogs  is  that  steam  can  be  very 


Pig.  1076. 

quickly  raised.  This  is  of  special  advantage  in  electric  light 
stations,  where  a  sudden  fog  or  darkness  causes  an  immediate 
demand  for  more  boiler  power  and  quick  steam  raising  is  imperative. 
Another  advantage  is  that  the  boilers  can  be  taken  apart  and  carried 
into  works  where  it  would  be  impossible  to  pass  a  large  boiler  in 
whole.  At  sea  their  lightness  is  perhaps  one  of  the  most  important 
points  in  their  favour.  Fig,  1076  shews  the  well-known  type  of 
Messrs.  Babcock  and  Willcox.  The  tubes  are  expanded  into  con- 
necting boxes  in  zigzag,  figs.  1074,  1075. 

Fig.  1076  shews  the  arrangement  of  flues,  and  fig.  1074  a  partial 
longitudinal  section  taken  at  the  front  end  of  the  boiler.  A  mud 
drum  is  provided,  to  form  a  receptacle  for  the  deposit  as  it  falls  down 
into  the  more  quiescent  parts  of  the  boiler.  Messrs.  Babcock's  boiler 
is  largely  used  in  electric  light  stations,  with  working  pressures  of 
120  to  180  lbs.  per  square  inch.  The  steam  separates  from  the  water 
in  the  large  receiver  forming  the  upper  part  of  the  boiler. 

The  Belleville  water-tube  boiler  was  invented  by  M.  Belleville  as 
long  ago  as  1849,  but  has  only  of  late  years  been  brought  to  perfec- 
tion. In  the  French  navy  it  has  been  adopted  for  many  years, 
and  is  now  received  with  favour  in  this  country,  and  is  being  sup- 
plied to  some  of  the  newest  cruisers,  also  to  several  mail  steamers. 

P  p 
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The  general  construction  of  these  boilers  is  that  of  a  number  of 
flattened  spirals,  formed  by  screwing  the  ends  of  straight  tubes  into 
junction  caps  of  malleable  cast-iron  or  steel.  These  caps  are  placed 
vertically  above  one  another,  the  upper  end  of  one  tube  being  on  the 
same  4evel  as  the  lower  end  of  the  one  above  it. 

The  tubes  are  slightly  inclined  to  the  horizontal,  and  the  lower 
cap  of  each  flattened  spiral  or  element  is  connected  to  a  horizontal 
cross  tube  at  the  front  of  the  boiler,  called  the  feed  collector. 

The  upper  tube  is  connected  to  the  lower  part  of  a  cylindrical 
steam  receiver  placed  outside  the  boiler  casing.  A  vertical  circulating 
pipe,  also  placed  outside  the  casing,  conveys  the  down  current  to  a 
mud  drum,  placed  at  the  base  of  the  boiler,  the  upper  part  of  which 
is  connected  to  the  feed  collector. 

The  feed  water  is  delivered  into  the  steam  receiver  at  the  end 
remote  from  the  inlet  of  the  down  pipe,  passes  along  the  receiver 
bottom  down  the  external  pipe,  through  the  mud  drum  into  the 
feed  collector,  and  thus  into  the  several  elements,  to  be  treated 
by  the  action  of  the  fire  on  its  way  upwards  through  the  tubes, 
from  which  it  emerges  into  the  receiver  a  mixture  of  water  and 
steam.  The  latter  is  separated  by  baffle  and  dash  plates  from  the 
former,  which  passes  along  its  course  with  fresh  feed-water.  The 
admission  of  the  feed  water  is  regulated  by  a  self-acting  arrange- 
ment. The  position  of  the  water  level  is  at  the  fourth  row  of  tubes 
from  the  top. 

Fig.  1077  gives  two  views  of  the  marine  type  of  Belleville  boiler. 
In  both  figures  a  part  of  the  casing  is  removed  to  shew  the  aixange- 
ment  of  the  tubes. 

It  is  an  essential  feature  in  M.  Belleville's  system  that  the  boiler 
pressure  should  be  considerably  higher  than  the  working  pressure  of 
the  engines.  A  reducing  valve  is  therefore  introduced  between  the 
boiler  and  engine.  The  effect  of  thus  wire-drawing  the  steam  slightly 
superheats  it  and  delivers  it  dry  to  the  engine.  The  tubes  in  these 
boilers  are  from  3  to  5  inches  diameter.  At  the  front  end  doors 
are  provided  which  can  be  readily  removed  and  replaced  when  steam 
is  down  for  cleaning  out  the  tubes.  As  the  tubes  are  comparatively 
short  for  their  diameter  the  cleaning  out  can  be  done  with  ease. 

Steam  can  be  got  up  quickly,  in  from  10  minutes  in  the  smallest 
to  one  hour  in  large  steamers. 

Compared  with  cylindrical  marine  boilers  the  head  room  required 
is  small,  12  feet  6  inches  for  the  largest  size,  and  they  are  consider- 
ably lighter  in  weight  than  most  other  boilers.     Taking  an  example, 

a  range  of  twelve  cylindrical  boilers,  with  a  grate  area  of  494  square 
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Pigs.  1078, 1079.— Water  Tube  Boiler  by  Messrs.  Yarrow  &  Co, 
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feet  and  14,480  square  feet  of  heating  surface  weighs,  including 
water  and  all  fittings,  440  tons ;  the  Belleville  boilers  supplying  the 
place  of  tl^e  above  grate  area  674  square  feet,  heating  surface 
21,100  square  feet,  weight,  including  water  and  all  fittings,  2495 
tons.  The  boilers  are  made  of  different  types  suitable  for  stationary, 
portable  or  marine  work.  The  stationary  type  is  set  in  brick  work, 
the  portable  type  is  built  light  and  is  used  with  portable  engines, 
fire  engines,  steam  cranes,  &c.,  an  auxiliary  type  specially  strong  for 
supplying  steam  to  winches  and  for  use  with  salt  water. 

Messrs.  Yarrow,  of  Poplar,  have  brought  out  a  simple  and  highly 
efficient  water-tube  boiler,  the  general  features  of  which  are  shown 
in  figs.  1078,  1079.  In  this  type  of  boiler  all  the  tubes  are  straight, 
and  the  upper  ends  are  secured  into  the  steam  drum,  which  is  made 
in  halves  and  bolted  together  to  facilitate  cleaning  and  repairs,  and  the 
lower  ends  are  secured  into  semicircular  vessels,  of  which  the  top  flat 
plates  into  which  the  tubes  enter  are  bolted  to  the  semicircular  base. 

The  two  groups  of  tubes  are  arranged  in  an  inclined  direction,  one 
on  each  side  of  the  furnace.  In  order  to  study  the  circulation  in 
water-tube  boilers,  Messrs.  Yarrow  carried  out  a  series  of  experiments, 
and  arrived  at  the  conclusion  that  the  circulation  in  Ihe  tubes  nearest 
the  fire  was  established  at  once,  and  that  any  additional  heating  of 
the  tubes  clearly  increased  the  circulation,  so  that  no  external  pipes, 
called  "down-comers,"  were  necessary— the  outer  tubes,  those 
furthest  from  the  fire,  acting  as  down-comers  themselves. 

These  boilers  are  being  used  on  the  fastest  type  of  vessels  afloat, 
the  Torpedo  Boat  Destroyers,  and  Messrs.  Yarrow  have  built  a 
number  of  them  for  Dutch  cruisers.  The  boilers  for  these  cruisers 
have  steel  tubes  Ij^  diameter  and  5'.0"  long,  arranged  in  ten  rows  on 
each  side  of  the  furnace ;  the  area  of  grate  surface  is  40-26  square 
feet,  the  heating  surface  2,017  square  feet,  their  weight  is  about  0*24 
cwt  per  indicated  horsepower,  whilst  that  of  return-tube  marine 
boilers  is  about  1*07  cwt.  per  indicated  horsepower.  A  water-tube 
boiler  of  this  type,  capable  of  supplying  steam  to  an  engine  indicating 
3,000  HP.,  occupies  about  the  same  space  as  an  ordinary  return- tube 
marine  boiler  supplying  steam  to  an  engine  indicating  2,250  HP. 

The  water-tube  boiler  by  Messrs.  Thomycroft,  of  Chiswick,  differs 
in  many  respects  from  that  of  Messrs.  Yarrow  in  construction,  but  in 
efficiency  but  little  difference  seems  to  exist.  From  figs.  1080,  1081, 
it  will  be  seen  that  the  tubes  are  curved,  and  are  inserted  into  the 
upper  or  steam-drum  above  the  water  line ;  and  in  the  special  type 
(fig.  1081)  there  is  one  lower  drum  and  one  upper  one,  the  furnace 
being  divided  and  placed  outside  the  group  of  tubes.     In  another 
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type  of  boiler  by  the  same  firm,  there  are  two  lower  drums,  and  the 
furnace  is  arranged  between  the  two  groups  of  tubes.  The  former  is 
named  the  "  Daring  "  type  and  the  latter  the  **  Speedy  "  type,  after 
the  torpedo  boats  to  which  they  have  been  applied.  The  bends  in 
the  tubes  are  said  to  give  more  heating  surface,  and  to  give  an 
.  amount  of  elasticity,  to  prevent  undue  strain  by  difference  of  tempe- 
rature. In  the  "Speedy"  there  were  eight  Thornycroft  boilers, 
supplying  steam  to  engines  indicating  about  4,500  HP. ;  the  area  of 
the  grate  in  each  boiler  was  25*5  square  feet,  the  heating  surface 
1,840  square  feet,  the  weight  of  each  boiler  empty  about  8*94  tons. 

Many  other  water-tube  boilers  are  at  present  in  use,  and  new 
varieties  are  being  frequently  brought  out.  Amongst  those  in  use  are 
the  **  Norwand  "  water-tube  boiler,  of  the  Thornycroft  type  ;  the 
"  Clyde  "  water- tube  boiler,  made  by  Messrs.  Fleming  and  Ferguson, 
also  of  the  Thornycroft  type ;  the  "  Niclausse "  water-tube  boiler, 
which  is  somewhat  like  the  Babcock  and  Wilcox  boiler,  but  differs 
in  the  arrangement  of  the  tubes,  which  are  in  an  inclined  position 
like  the  Babcock,  but  are  connected  by  headers  at  the  front  end 
only,  thus  all  the  joints  are  readily  accessible ;  the  circulation  is 
maintained  by  making  the  connecting  headers  double,  by  a  vertical 
division  plate  extending  from  top  to  bottom  ;  one  side  of  this 
division  plate  being  connected  to  the  outer  tubes,  the  other  side  to 
the  inner  tubes,  which  project  into  and  are  nearly  the  whole  length 
of  the  outer  tubes  ;  the  water  circulating  down  the  one  side  of  the 
division  plate  into  the  inner  tubes,  then  back  by  the  outer  tubes,  on 
the  opposite  side  of  the  division  plate,  up  to  the  drum  overhead. 
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Iiever  Safety  Valve. 


Fig.  1082. 

Lever  safety  valvea  of  the  type  shewn  in  Fig.  1082  are  largely  used 
but  are  rather  giving  way  to  the  more  reliable  type  of  Dead-Weight 
Safety  Valves,  fig.  1084. 

The  weight  for  any  point  of  blow-off  pressure  may  be  calculated 
by  the  formula  below.  In  all  but  very  small  valves  the  weight  of  the 
valve  itself  and  of  the  lever  must  be  taken  into  account : — 
A  =  area  of  valve  in  square  inches. 

L  =  length  of  lever  in  inches  from  fulcrum  to  centre  of  weight  W. 
I    =  length  of  the  short  ann  of  the  lever  in  inches  from  centre  of 
valve  to  fulcrum. 
'  w  =  weight  of  lever. 

6  ~  distance  of  centre  of  gravity  of  lever  from  fulcrum  in  inches. 
V  =  weight  of  valve  in  lbs. 
W  =       „      in  lbs.  to  balance  blow-off  pressure. 
P  =  blow-off  pressure  in  lbs.  per  square  inch. 

pressure  in  lbs.   per  square    inch    due    to 

weight  W. 

A'P  I 

W  =  — tf —  =  Weight    for   given    blowoff  pressure    P,    without 

accounting  for  weights  of  valve  and  lever. 
Z  A    ^  Pressure  in  lbs.  per  square  inch  due  to  weight  of  lever. 

^  =  Pressure  m  lbs.  per  square  inch  due  to  weight  of  valve. 


J— J-  =  blow-off 
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Fig.  1088. 


Table  169.^Dimen8ion8  of  Bamsbottom's  Safety  Valves 

(Fig.  1083). 


Diameter  of  valves   .        .    . 

H 

If 

2J 

2i 

3 

H 

Diameter  of  flange 

7i 

9 

9 

10 

iH 

12 

Between  centres  of  valves  V 

H 

7 

H 

8i 

H 

n 

Height  from  flange  to  top ) 
of  casting      .        .        .  ) 

16 

m 

18| 

m 

23J 

25i 

Thickness  of  lever 

&-f. 

«-s 

i-ft 

i-i 

i-i 

5-4 

Total  length  of  lever        .    . 

16i 

17i 

18i 

26 

m 

26| 

Length  of  spring  . 

6i 

65 

6a 

8| 

9S 

lOfe 

Diameter  of  spring   .        .    . 

H 

2i 

3 

^ 

H 

3| 

Pull  on  spring  for  140  lbs.  pres. 

494-7 

473-4 

992-8 

1374-2 

1979-0 

2693-8 

Pull  on  spring  for  90  lbs.  pres. 

318-0 

432-9 

638-2 

883-4 

1272-2 

1731-7 

Dimensions  are  given  in  Inches. 

A  loose  link  (not  shown  in  the  figure)  is  provided,  to  connect  the 
lever  L  with  the  eye  to  which  the  spring  is  attached,  so  that,  if  the 
spring  should  break,  the  lever  woidd  be  held  by  the  link,  and  thus 
the  valve  would  only  blow  off,  but  not  leave  the  seat. 
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Dead-Weight  Safety  Valve. 

Fig.  1084  represents  a  group  of  3  dead-weight  safety  valves,  one  of 
the  group  being  shown  in  section.  This  class  of  valve  is  made 
single,  or  with  several  valves  in  a  group  attached  to  the  same  base. 
The  valve  V  is  fixed  in  the  interior  of  the  circular  casting  C,  on 


Fig.  1084. 

which  are  placed  the  weights  Wy  w.  The  seating  for  the  valve  is 
fixed  on  the  top  of  the  pipe  P.  The  pipe  in  fig.  1084  is  shown  of 
wrought  iron,  although  often  made  of  cast  iron.  This  type  of  safety 
valve  requires  no  guides,  as  all  the  weights  are  below  the  valve,  and 
therefore  it  returns  by  its  own  gravity  to  its  proper  place. 

It  is  also  very  difficult  to  tamper  with,  owing  to  the  large  increase 
of  weight  required  to  make  any  appreciable  difference  to  the  blowing 
off  pressure. 


HYPERBOLIC  LOGARITHMS. 
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Table  170.— Hyperbolic  Logarith 

ms. 

No. 

Hyp.  log. 

No. 

Hj-p.  log. 

No. 

Hyp.  log. 

No. 

Hyp.  log. 

1 

000000 

26 

3-25810 

51 

3-93183 

76 

4-33073 

2 

0-69315 

27 

3-29584 

52 

3-95124 

77 

4-34381 

3 

109861 

28 

3-33220 

53 

3-97029 

78 

4-35671 

4 

1-38629 

29 

3-36730 

54 

3-98898 

79 

4-36945 

5 

1-60944 

30 

3-40120 

55 

4-00733 

80 

4-38203 

6 

1-79176 

31 

3-43399 

56 

402535 

81 

4-39445 

7 

1-94591 

32 

3-46574 

57 

4-04305 

82 

4-40672 

8 

2-07944 

33 

3-49651 

58 

406044 

83 

4-41884 

9 

2-19722 

34 

3-52636 

59 

4-07754 

84 

4-43082 

10 

2-30259 

35 

3-55535 

60 

4-09434 

85 

4-44265 

11 

2-39790 

36 

3-58352 

61 

4-11087 

86 

4-45435 

12 

2-48491 

37 

3-61092 

62 

4-12713 

87 

4-46591 

13 

2-56495 

38 

3-63759 

63 

4-14313 

88 

4-47734 

14 

2-63906 

39 

3-66356 

64 

4-15888 

89 

4-48864 

15 

2-70805 

40 

3-68888 

65 

4-17439 

90 

4-49981 

16 

2-77259 

41 

3-71357 

66 

418965 

91 

4-51086 

17 

2-83321 

42 

3-73767 

67 

4-20469 

92 

4-52179 

18 

2-89037 

43 

3-76120 

68 

4-21951 

93 

4-53260 

19 

2-94444 

44 

3-78419 

69 

4-23411 

94 

4-54329 

20 

2-99573 

45 

3-80666 

70 

4-24850 

95 

4-55388 

21 

304452 

46 

3-82864 

71 

4-26268 

96 

4-56435 

22 

3-09104 

47 

3-85015 

72 

4-27667 

97 

4-57471 

23 

313549 

48 

3-87120 

73 

4-29046 

98 

4-58497 

24 

3-17805 

49 

3-89182 

74 

4-30407 

99 

4-59512 

25 

3-21888 

50 

3-91202 

75 

4-31749 

100 

4-60517 

Hyp.  log.  10,  correct  to  eight  places  of  decimals,  =  2  30258509. 

Comiuon  logs,  multiplied  by  2-3C)258  give  hyperbolic  logs. 
Hyp.  log.  75  =  4-31749. 
Hyp.  log.  7-5  =  4-31749  -  hyp.  log.  10. 
y-31749  -  2-30258  =  2-01491  the  hyp.  log.  of  7-5. 
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Table  171.- 

-Temperatures,  Volumes,  and  Pressures  of  a 
Pound  of  Steam. 

Teinpcratores. 

Absolute  Pressures 
per  square  inch. 

Yolnrae  occnniod  by  a 

poiiud  of  Steam 

in  cubic  feet 

F4hr. 

Centi. 

32 

0 

0085 

3390 

68 

20 

0333 

934-6 

95 

35 

0-806 

404-8 

122 

50 

1-78 

1920 

149 

65 

3-62 

98-45 

.176 

80 

6-86 

53-92 

203 

.    95 

12-26 

31-26 

212 

100 

14-70 

26-36 

230 

110 

20-80 

1903 

275 

135 

45-49 

9-124 

302 

150 

69-21 

6-153 

329 

165 

101-9 

4-280 

356 

180 

145-8 

3-057 

365 

185 

163-3 

2-748     . 

383 

195 

203-3 

2-236 

FormulsB  for  Steam  Pressure  and  Volume  Curves. 

V  =  volume  in  cubic  feet  to  the  pound. 
P  =  pressure  in  lbs.  per  square  inch. 

n 

V  =  26-36  (^-J^)*^ 


P^mf-^)*^ 


17 


-^  ==  -     for  Rankine*s  curve, 

"  16 

=  -  for  the  so-called  ~  curve, 

=  ,-Q  for  the  approximate  adiabatic  curve. 
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AIR-PUMP,    outiine    methods   of 
dri?iii^,  271 

and  injector  condenser,  272 — 282 

horizontal  with  buckets,  273 

with  plunger,  279 

Horn's  patent,  277 

vertical,  272 

with  surface  condenser,  Ruston 

&  Proctor,  283 
Allen*8  straight  link  reversing  gear, 

230 
Atmospheric  engine,  Newcomen's,  1 
Attacmnent  of  cylinder  to  frames  of 

engines,  110,  ill 


BA^COCK  &  Wilcox  WAter-tube 
hollers,  433 

Barring  apparatus,  414 

Bearings,  crank-shaft,  37 — 46 

Bed-plates,  horizontal  engines,  dimen- 
sions of,  19 

Boilers,  Cornish,  417 

seating,  German,  422 

English,  418 

—  cylindrical  multitubular,  423 

elephant,  416 

Lancashire,  419 

seating,  420 

marine,  431 

multitubular  loco-type,  424 

vertical,  426 

dimensions  of,  428 

• Cochrane,  426 

Hopwood*8,  429 

Tinker,  Shenton  &  Co.,  427 

fire-enpines,  430 

water-tube,  Buocock  &  Wil- 
cox, 433 

Bellville,  434 


Boilers,  water-tube,  Thomycroft,  440 

Yarrow,  438 

Bourne,  return  connecting-red  engine, 
8 

Brasses,  crank-shaft  from  actual  prac- 
tice, 41 

pressure  on,  41 

result  of  wear,  39 

Brotherhood's  radial  engine,  9 

BumBted  and  Chandler's  high  speed 
engine,  350 


CALCULATIONS    for   power   and 
steam  consumption,  387 
Central  valve  engine,  Willan's,  9,  348, 

349 
Chandler's  high  speed  engine,  350 
Clearance  space  with  different  steam 

ports,  102 
Coal  consumption,  comparative,  4 
Compound  engines,  beam,  8 

Corliss,  298 

dimensions  of,  297 

floor  space  occupied  by,  336 

Homblower's,  o 

outlines  of,  10,  11 

ratio  of  cylinder  volumes, 

367 

receivers  for,  354 

tandem  horizontal,  334 

undertype,  330 

Condensers' and  air  pumps, 

injector,  272—282 

horizontal    with     buckets, 

273 

with  plunger,  279 

Hom^s  patent,  277 

vortical,  272 

surface,  Ruston  &  Proctor,  283 
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Condensen,  Theisen's  water  cooling 
apparatus  for,  285 

Connecting-rods,  62 

dimensions  of,  67 — 71 

Crank-shaft  bearings,  37—46 

r  brasses,  from  actual  practice,  41 

pressure  on,  41 

result  of  wear,  39 

Cranks  and  crank-shafts,  47—61 

discs,  47—56 

Crank  pins,  53 

lubrication,  57 — 58 

particulars  from  actual  prac- 
tice, 63 

Crosby's  indicator,  373 

Crossheads,  73—80 

pins,  75—83 

Cyliuders,  attachment  to  frames, 
110 

clearance  space,  101 

with  Corliss  gear,  98 

covers  and  glands,  112—119 

feet,  103 

liners,  104—106 

mushroom  valves,  98 

ordinary  slide  valve,  96—108 

Rider's  valve  gear,  97—99 

steam  jacket,  104—106 

thickness  of  metal,  100 

triple  expansion  engines,  93 

valve  chests  and  covers,  119—124 


DARKE'S  indicator,  373 
Davey,  Paxman  &   Co.  double 
and  single  cylinder  vertical  engines, 
345 

compound    undertype    engines, 

347 
single   cylinder   undertype  en- 
gines, 347 
Diagrams, 

—  of  engines,  5—10 
of  governors.  133 — 135 

-  indicator,  150,  377 

combined,  378,'384 

defects  in,  383 

example  from  actual  prac- 
tice, 379, 382       . 

measuring  of,  373 

slide  valve,  164 — 192 

valve  gears,  176—179 

Dynamometer  friction  brake,  411 


ECCENTRICS,  211-213 
Efficiency,  coefficient  of,  394 


Ellipse  valve  for  Meyer's  gear,  187 

Rider's  gear,  187 

simple  gear,  186 

Engines,  beam,  Boulton  &  Watt,  out- 
line, 5 

compound  Wolf,  8 

McNaught,  8 

Engines,  Bourne's,  return  connecting- 
rod,  8 

Bumsted  and   Chandler*  s   high 

speed,  350 

Central  valve,  Willans',  9,  348 

particulars  of,  348,  3,49 

Corliss,  examples  of,  295 

compound  examples  of,  289 

compound  examples  of,  297 

arrangement  of  cj'linders 

and  ports,  354 
tandem,  glands  and  connect- 
ing pieces,  356 

ratio  of  cylinder  volumes, 

357 

receivers,  358 

vertical  for  screw  steameis, 

365 

diagonal  for  paddle  steamers, 

368,  370 

Evans*,  2 

Elder,  John,  4 

by  English  makers, 

Davey,  Paxman  &  Co. : 
double  and  single  cylinder  verti- 
cal, 345 
comoound  undertype,  347 
single  cylinder  undertype,  347 
John  Fowler  &  Co. : 
compound  coupled  non-condensing 

engine,  342 
compound  undertype,  343 
Marshall  &  Son : 
portable,  322—323 
vertical,  320,  321 
Ransome,  Sims  &  Jefferies : 

long  stroke  horizontal,  318,  319 
Robey  &  Co. : 
double  cylinder  vertical,  339 
compound  undertype,  340 
horizontal  girder,  341 
Ruston  &  Proctor : 
horizontal    self-contained,     324, 
325 


horizontal,  328,  329 
vertical,  326, 327 
E.R.&  F.Turner: 
coupled   compound 


condensing, 


tandem  compound,  334,  335 
portable  single  cylinder,  332 
compound,  331 
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Engines  by  English  makers, 

Willana     central    valvo    engine, 
348 
Engine  foundations,  314—316 

—  frames,  16 

—  frictional  resistance,  396 
girder  outline  of,  6 

ngines,  general  remarks,  13 
engines,  bed-plate,  outline  of,  5 
—  dimensions  of  bed-plates,  19 

girders,  31 

examples  of  simple,  292 

compound,  297 

floor  space  required  by  simple, 

300,  336 

compound,  301 

tandem  compound,  337 

frames  for  single,  16—18 

2  or  3  cylinders,  32 

Engine,  Homblower,  3 

inclined  frame  paddle,  8 

double  cylinder,  9 

cylinder  compound,  9 

inertia  of  reciprocating   parts, 

402 
Engines,  marine,  vertical  outline  of,  7 

names  of  parts,  12 

oscillating,  outline  of,  6 

patterns,  cost  of,  313 

radial,  outline  of.  Brotherhood's, 

9 

steeple,  outline  of,  7 

Engine,  triple  expansion,  outline  of 

arrangements  of,  10, 11,  366 
leading   particu- 
lars of, -362 
indicator       dia- 
grams, 363 

particulars   from 

actual  practice,  364 

proportions       of 

cylinder  volumes,  365 

Trevitick  &  Vivian,  2 

trunk  outline  of,  7 

Engines,  vertical  outlines,  5 

marine,  7 

vertical  frames  small,  33—36 

marine,  36 

Engine,  Watt,  2 

Wolf,  Arthur,  4 

Engines,  weights  of,  302,  311 

connecting  rods  and  cranks, 

308 

crankshafts,  fly-wheels  and 

bearings,  304 

cylinders  and  covers,  306, 

307 

eccentrics,  309 

— ^  -; —  foundation  bolts,  311 


Engines,  weights  of  frames  and  cross- 
heads,  302 

governor  bracket,  310 

piston    and    piston    rods, 

303  ' 

valves    and    piston    rods, 

306 

Expansion  curve  of  steam,  162 

formula  for,  446 

graphic  method  of  drawing, 

162 


FEED-WATEH    heater,    Dulmen, 
290 

Marshall  &  Son,  289 

pumps,  286—288 

Fly-wheels,  125—132 

for  rope  drive,  129,  130 

Foundations  of  engines,  314 — 316 
Fowler,  John  &  Co., compound  coupled 
non-condensing  engines,  342 

undertype  engines,  343 

Frames  of  engines,  16 

Frictional    resistance     in    engines, 


Friction  brake,  411 


GLAND'S  piston-rod,  112—119 
Gooch's  reversing  gear,  231 
Qovemor-bracket,  Rider's,  valve-gear, 

207—209 
Governors,  cross-arm,  139,  140 

Hartnell  auto-expansion,  142 

crankshaft,  143 

Kley's,  138 

Lauchammer,  141 

Moore,  147 

outline  diagrams  of,  112—119 

Porter's,  137 

Proell,  139 

Turner  Hartnell,  145 


HARTNELL,  auio  -  expansion 
gov^wior,  142 

crankshaft  governor,  143 

Heaters,  feed -water,  Marshall  &  Son, 
289 

Dulmen,  290 

Homblower' s  engine,  3 
Horn's  condenser,  277 

G  G 
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INDICATORS,  Crosby's,  373 
Darke's,  373 

Richards*,  372 

Thompson's,  372 

Indicator  magrams,  triple  expansion 
engines,  363 

diagrams,  151 

measuring  of,  377 

combined,  378 

examples  from  actual  prac- 
tice, 379—382 

defects  in,  383 

general  remarks,  150 

gear,  examples  of,    374^ 

376 

sliding  joint  for  string, 

376 

Inertia  of  reciprocating  parts,  effect 
of,  402 


JACKETS,  steam,  for  cylinders,  104 
—106      . 


K 


K LEY'S  governor,  138 
Eonig  valve  gear,  249 
Kuelfenbecker's  gear,  247 


T  TJBRICATOR,  crank-shaft,  57,  58 


MARSHALL  &   SON,   portable 
engine,  322-323 

vertical  engine,  321 

McNaught's  beam  engine,  8 
Maudslay  Sons  &  Field,  water-tube 

boiler,  434 
Maudslay's  vertical  engine,  7 
Meyer's  hand  adjustment  for  valve 

gear,  193 

slide  valves,  156, 187 

particulars  of,    182— 

183 
Moore's  governor,  148 — 149 


N 


AMES  of  parts  of  engines,  12 
Newcomen's  engine,  1 


PATTERNS  of  engines,  cost,  313 
Penn's  engine  outline  of,  5 — 6 

marine  slide  valve,  160 

Piston  rods,  84—95 

glands,  112-119 

valves,  163,  222, 223 

• tail-rod  gmdes,  114, 115 

Pius  Fink,  reversing  gear,  229 
Porter's  governor,  137 
Power,  calculations  for  and  steam  con- 
sumption, 387 

' —  compound  engines,  399 

Proell's  governor,  139 
Pulleys,  rope  grooves,  129,  130 
Pumps,  feed,  286—288 


RAN80ME  SIMS  &  JEFFERIES. 
long-stroke  horizontal  engines. 

318,  319 
Receivers  for  compound  engines,  358 
Reversing-gears,  Allan's  straight  link» 

230 

Gooch's,  231 

Pius  Fink,  229 

Polonceau,  229 

Stephenson,  224,  228 

special,  diagrams  of,  412 

Waldegg,  229 

Richards'  indicator,  372 
Rider's  valve-gear,  194 

cylinder  for,  97—99 

: ellipse,  187 

connection  to  governor, 

204,  209 
Robey  &  Co.,  douUe  cylinder  vertical 

engine,  339 

compound  undertype  engine,  340 

horizontal  girder  engine,  341 

Ruston  &  Proctor  horizontal  engine, 

328—329 
self  -  contained,     324, 

325 

vertical,  326,  327 

surface  condenser,  283 


SAFETY  valves,  lever,  442 
Ramsbottom,  443 

dead  weight,  444 

Slide  valves  balanced,  162 

diagrams,  165 

dimensions  of  simple,  171— 

173 
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SUde  ralres,  double,  180, 181 
explanation  of  terms,  163, 

164 

Garrett,  Smith  &  Co.,  158 

Lanz,  168 

' Meyer's,  156 

ellipse,  186 

mushroom  and  double 

beat,  234 
particulars  of  Meyer's,  182, 

183 
diagram  of  Meyer's, 

184, 185 

Penn,  160 

piston,  163,  222,  223 

Eider's.  157—203 

ellipse,  187 

• simple,  166 

ellipse,  186 

diagrams,  165^-186 

Trick,  156 

double,  diagrams  of,  190— 

192 
Zeuner's  diagrams,  166— 

168 
Steam  consumption,  calculations  for, 

387 
temperature  and  volimie   of  a 

pound  of,  446 

expansion  curve,  152 

• graphic  method  of  drawing, 

162 
Stuffing  boxes  and  glands,  112—119 


TAIL  rod  guides,  114—115 
Temperature    and    volume    of 
steam,  446 
Theisen's  cooling  apparatus,  285 
Thompson's  indicator,  372 
Thomycroft  water-tube  boiler,  441 
Trevithick  &  Vivian's  engine,  2 
Triple  expansion  engines,  outlines,  10, 
11,  360 

marine  engines,  diagrams 

of,  360 

leading  dimensions  of,.  361 

indicator  dia- 
grams, 363 

particulars  from  actual 

practice,  364 

proportions  of  cylinder 

volumes,  365 
Throttle  valve,  132 
Turner's    horizontal    coupled     com- 
pound engine,  338 


Turner's  horizontal  coupled  tandem 
compound  engine,  334,  335 

portable  single  cylin- 
der, 332 

compound,  331 


UNDERTTPE   engines,  Turner's, 
330 


VALVE  chests  and  covers,  119—124 
gears,    American     Corliss, 

257 

cam  motion,  238,  239 

Corliss,    details   of,    252— 

270 

diagrams,  176—179 

showing  defects,  188 

Stephenson's   link- 
motion,  224^228 

Farcot,  221 

Frikart,  255 

Gamerith's,  with  trip  action, 

250 

Gooch's,  231 

Harris,  263 

, Harzer    with    mushroom 

valves,  241 

Meyer's, hand-gear,  adjust- 
ing, 193-195 

- . .. with    mushroom    valves, 

233—235 

Polonceau,  229 

Proell,  248 

Recke,  244 

hand  adjusting  gear,  194 

reversing,  229 

Allan,  230 

Gooch,  231 

Pius  Fink,  229 

Polonceau,  229 

Stephenson's,    224  — 

228 

Waldegg,  229 

simple,  165 . 

Sulzer,  251 

with  two  slides,  174 

Wheelock,  256 

Widnmann  mushroom  with 

valve*,  242,  243 

classification  of,  154 

Corliss,  258— 262  ^ 

diagrams,  165 
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Yalre  chests,  dimeneions  of  simple, 
171-173 

double  slide,  180, 181 

explanation  of  terms,  163, 

164 

— ■■ Lanz,  168 

Meyer's,  166, 174 

particulars   of,  182  - 

183 

diagram  of,  184—185 

ellipse  for,  186 

mushroom  and  double  beat, 

240—251 

-: Rider's,  167—203 

Rider's,  198 

simple,  166 

YaWe  diagrams,  166, 186, 190 

ellipse,  186 

Trick,  166 

double   slide   diagram  of, 

190—192 

Zeuner's  diagram,  176 

throttle,  132 

Volume  of  a  pound  of  steam  at  differ- 
ent pressures,  446 


WALDEGG,  reversing  gear,  229 
Watt's  engine,  2,  6 
Weights  of  engines,  302—311 

connecting-rod  and  cranks,  308 

Weights   of    crankshafts,  fly-wheels 

and  bearings,  304 

cylinders  and  covers,  306,  307 

eccentrics,  309 

foundation  bolts,  311 

frames  and  crossheads,  302 

governor  bracket,  310 

piston  and  piston  rods,  303 

valves  and  valve  rods,  306 

Wheels,  fly-,  126—132 

for  rope  drive,  129,  130 

Willans'  central  valve  engine,  9,  348 
particulars     of,     348, 

349 
Wolf  engine,  4,  8 


^ARROW'S  water-tube  boiler,  439 


THE  END. 
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of  'works'  connected  wilh  the  metal  tnn^ae^—Ry land's  Iron  TrtuUs  CircuUtr. 

"  Brimiiil  of  useful  information,  stated  in  a  concise  form.  Mr.  Hutton's  books  have  met  a  press- 
ing want  ampng  engineers.  The  book  must  prove  extremely  usefiil  to  every  practical  warn 
possessing  a  copy."— Praciiatl  EM£iHeer, 

New  Manual  for  IPractictU  Engineers 

THE  PRACTICAL  ENGINEER'S  HAND-BOOK.  Ccmprising 
a  Treatise  on  Modern  Engines  and  Boilers :  Marine,  Locomotive  and  Sta- 
tionary. And  containing  a  large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certi- 
ficates of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S. 
Hutton,  Civil  and  Mechanical  Engineer,  Author  of  "The  Works*  Manager's 
Handbook  for  Engineers,"  &c.  With  upwards  of  370  Illustrations.  Fifth 
Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp.,  price  i8s. 
Strongly.bound. 

IS*  This  worh  is  designed  at  a  companion  to  th$  Author's  **  Works* 
Manager's  Hand-book.*'  It  possesses  many  new  and  original  features,  and  coth 
tains,  like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publica- 
tion, out  collected  by  the  author  for  nit  own  use  in  the  construction  of  a  great  varietg 
0/ MODERN  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  oh  370  Woodfiuts-^  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  aU  engaged  in  designing,  construaing,  or  estimating  for  EHQiiHKa,Boiixu», 
emd  OTHER  Engimbbring  Work. 

\*  Opinions  or  the  Press. 

"  We  have  kept  It  at  hand  for  Several  wedcs,  referring  to  It  as  occasion  arooe,  and  we  have  not 
ea  a  single  occasion  consulted  its  pages  without  finding  tn  information  of  which  we  were  in  quest." 
Jit^tnaum. 


MECHANICAL   ENGINEERING,  etc. 


MR.  HUTTON'8  PRACTICAL  HANDBOOKS'-ifontinued. 

Practical  Treatise  on  Modem  Steam-Boilers* 

STEAM-BOILER  CONSTRUCTION.  A  Practical  Handbook 
for  Engineers,  Boiler- Makers,  and  Steam  Users.  Containing  a  large  Col- 
lection of  Rales  and  Data  relating;  to  Recent  Practice  in  the  D<;sign,  Con- 
8traction,/and  Working  of  all  Kinds  of  Stationary,  Locomotive,  and  Marine 
Steam-Boilers.  By  Waltbr  S.  Button,  Civil  and  Mechanical  Bneineer, 
Author  of  "The  works*  Manager's  Handbook,"  '*The  Practical  Engineer's 
Handbook,"  &c.  With  upwards  of  300  Illustrations.  Second  Edition. 
Medium  8vo,  i8s.  cloth.  {Just  pmblished. 

t^  This  Work  is  issued  m  continuation  of  the  Series  of  Handbooks  written 
^  the  Author,  vis; — ^**Thb  Works'  Managers*  Handbook '*  aiu2  "Thb  Practi- 
cal Enginbbr's  Handbook,"  which  are  so  highly  appreciated  by  Engineers  for 
the  practical  nature  of  their  information;  and  is  consequently  written  in  the  sams 
style  as  those  works. 

The  Author  believes  that  the  concentration,  in  a  convenient  form  for  easy  refef' 
ence,  of  such  a  large  amount  of  thoroughly  practical  information  on  Steam-Boilers. 
will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  tiusts  the  boom 
may  be  deemed  worthy  of  as  favourable  a  reception  as  has  been  accorded  to  itt 
predecessors. 

\*  Opinions  of  thb  Prbss. 

*'  Every  detail,  both  In  boOer  deslzn  and  manaiirement,  is  clearly  laid  before  the  reader.  The 
TOlame  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
eciences ;  and  such  a  book  is  of  the  utmost  value  to  the  JIh  de  siic/t  Engineer  and  Works* 
Manager."— AfarsfM  EttgiHeer. 

"There  has  long  been  room  for  a  modem  handbook  on  steam  boOers ;  there  is  not  that  reoaa 
now,  because  Mr.  Hutton  has  filled  it.  It  is  a  thoroughly  practical  book  for  thoee  who  are  occ«* 
f>ied  in  the  construction,  design,  selection,  or  use  of  boilers.  "—Enirineer. 

"  The  book  is  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into 
the  bbraries  of  everyone  mterested  in  lioiler  using  or  boiler  manufacture  if  they  wish  to  be 
thorougtily  informed.  We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents."— 
Machinery  Market. 

"  The  value  cf  this  book  can  hardly  be  over-estimated.  The  author's  rules,  formulae,  &c^  are 
all  very  fresh,  and  it  is  impossible  to  turn  to  the  work  and  not  fina  what  you  want.  No  practical 
engineer  should  be  without  it,"— Colliery  Gttardian. 

Hittton^s  ** ModerfUsed  Tetnpleton.*' 

THE  PRACTICAL  MECHANICS*  WORKSHOP  COM- 
'  PA  NION.  Comprising  a  ^eat  variety  of  the  most  useful  Rules  and  Formulas 
in  Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Calcii' 
lated  Results  for  Facilitating  Mechanical  Operations.  Bv  William  Tbiipls. 
TON,  Author  of  "The  Engineer's  Practical  Assistant,*' &c.  Seventeentli 
Edition,  Revised,  Modernised,  and  considerably  Enlarged  by  Waltbr  S. 
HuTTON,  C.E.,  Author  of  "The  Works'  Manager's  Handbook,"  &c.  Fcap. 
8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  Illustrative  Dia^ams, 
fit.,  strongly  bound  for  workshop  or  pocket  wear  and  tear. 

*♦*  Opinions  of  the  Press. 

"  In  Its  moderatoed  form  Button's  '  Templeton '  shouU  have  a  wide  sale,  far  k  contatae  muck 
valuable  information  which  the  mechanic  will  often  find  of  use.  and  not  a  few  tables  and  notes  which 
he  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  t>e  appreciated  by  all  iHw 
have  warned  to  value  the  original  editions  of '  Templeton.' '  —English  Mechanic. 

*'  It  has  met  with  great  success  in  the  engineering  worlcshop,  as  we  can  testify  \  and  there  am 
•  great  many  men  who,  in  a  great  measure,  owe  their  rise  in  Bfetothis  little  hookJ'—BuUdiner  Nemu. 

*'  This  familiar  text-book— well  known  to  all  mechanics  and  engineers— b  of  essential  service  to 
*the  every-day  requirements  of  engineers,  mQlwri^rhts,  and  the  various  trade*  connected  with 
engineemg  and  building.  The  new  modernised  edition  is  worth  its  weight  in  gold."— ^•rfAM^r 
News.    (Second  Notice]) 

**  ThJs  wdl-known  and  largely  used  book  contains  infiwmatioa,  brought  up  to  date,  of  tiie 
tort  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced 
•s  to  constitute  Itpracticalfar  a  new  boolc  It  will  be  largely  used  in  the  office  aad  workshop."— 
Merhanical  H^^rU, 

Templeton's  Engineer's  and  Machinist's  AssistafU. 

THE  ENGINEER*S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTA  NT,  A  collection  of  Useful  Tables,  Rules  and  Datm. 
By  William  Tbmplbton.    7th  Edition,  with  Additions.  i8mo,  as.  6d.  doth. 

"Occupies  a  foremost  place  among  books  of  this  Irind.  A  more  suitable  pteient  te  sa  spp— c 
tice  to  any  of  the  mechanical  trades  couki  not  possibly  t>e  made."— AmAWmt  Ntme. 

"  A  deservedly  popular  work.    It  should  be  in  the  *  dimwer '  of  every  mechanic."— JTinf^trifc 
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Bteam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Sup- 
plement on  Gas  En^nes,  and  Part  II.  on  Heat  Engines.  By  T.  M. 
uooDEVB,  M.A.,  Barnster-at-Law,  Professor  of  Mechanics  at  the  Nonnal 
School  of  Science  and  the  Royal  School  of  Mines:  Author  of  "The  Priaci- 

ties  of  Mechanics/'  "  The  Elements  of  Mechanism/'  &c.      Twelfth  Editioa,. 
;nlarged.   With  numerous  Illustrations.  Crown  8vo,  65.  cloth. 
"Fkofessor  Goodev«  has  given  us  a  treatise  on  tiie  steam  engine  which  will  bear  c 
with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higher  praise."— Ai^^ 
**  Mr.  Goodeve's  textbook  is  a  work  of  which  every  young  engineer  should  possess  1 
^MiMtnz  JoumaL 

*'  Essentially  practical  in  its  aim.    The  manner  of  exposition  leaves  nothing  to  be  desired."- 


Gas  Engines. 

ON  GAS-ENGINES.  Being  a  Reprint,  with  some  Additions,  of 
the  Supplement  to  the  Text-booh  on  the  Steam  Engine,  by  T.  M.  GoodevSi 
M.A.    Crown  8vO|  as.  6d.  cloth. 
**  Like  an  Mr.  Goodeve's  writings,  the  present  b  no  exception  in  pdnt  of  general  exceHencer 
it  is  a  valuable  Uttle  rQhim9,'—AfedtauicaffrorU, 

Steam  Engine  Design, 

HANDBOOK  ON  THE  STEAM  ENGINE,  with  especial 
Reference  to  Small  and  Medium -sized  Ene^ines.  For  Engine-Makers,. 
Draughtsmen,  Students  and  Users  of  Steam  Power.  By  Herman  Haeder, 
C.E.  Translated  by  H.  H.  P.  Powlbs,  A.M.r.C.E.,  M.I.M.E.  With  nearly 
i,ioo  Illustrations.    Crown  Svo,  9s.  cloth. 

Steam  Boilers, 

A  TREATISE  ON  STEAM  BOILERS:  ThHr  Strength,  Con* 
ttruction,  and  Economical  Worhing.  By  Robert  Wilson,  C.B.  Fifth  Edition, 
xamo,  6s.  cloth. 

**The  best  treatise  that  has  ever  been  published  on  steam  hoUets."— Engineer. 
**The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  em* 
^ying  steam  power  to  possess  ttiemselve*  of  the  woxk,"^Jty/and's  Iron  Tirade  Cireulmr. 

BoUer  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS:  ThHr Draught-Power 

and  Stability.  With  a  Chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  A.I.C.E.,  Author  of  "A  Treatise  on  Steam  Boilers,"  &c.  Second 
Edition.    Crown  Svo,  3^.  6d.  cloth. 

•«FulI  of  useful  information,  definite  in  statement,  and  thoroughly  practical  in  treatment.*^* 
The  LoceU  Govemfttent  Chronicle. 

**  A  valuable  contribution  to  the  literature  of  scientific  building."— rA«  BuiUUr, 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER  ^  ASSIST* 
A  NT.  With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use 
of  Platers,  Smiths  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clare, 
M.I.C.B.  Third  Edition*  480  pp.,  with  i4oIllusts.  Fcap.  Svo,  7s.  half-bonnd. 
**  A  most  useful  work.  ...  No  workman  or  apprentice  should  l>e  without  this  book."-* 
Mren  Trade  Circular.  _^        ^ .  .      . 

"  Boiler-makers  will  readily  recognise  the  value  of  tilts  volume.  .  .  .  The  tables  are  cleaily 
nrlnted,  and  so  arranged  that  they  can  be  referred  to  with  the  greatest  facility,  so  that  it  cannot  be 
doubtsd  that  they  wifl  be  generally  appreciated  and  much  vs/fA."^Mining  yoitmat 

Locomotive  Engine  Development, 

THE L OCOMOTIVE  ENGINE  AND  ITS  DEVEL  OPMENT, 
A  Popular  Treatise  on  the  Gradual  Improvement!<i  made  in  Railway  Engines 
between  the  Years  1803  and  1896.  By  Clement  E.  Stretton,  C.t.,  Author 
of  **Safe  Railway  Working,"  &c.  Fifth  Edition,  Revised  and  much  En- 
larged.   With  120  Illustrations.    Crown  Svo,  3s.  6d.  cloth,    [^ust  Published. 

1  ^*'  M?i?*^*"  of  railway  history  and  all  who  are  interested  in  the  evolution  of  the  modern  lecome- 

.TSl       y""**  '**  attract  and  entertain  in  this  volume."— 7Vk«  Times. 
r«««  i  ^-I»  U™^  ^''°*  faM  to  be  popular,  because  it  contains,  in  a  condensed  and  readable 

™!f  S^utw  «f  te?*  «»•  kind  of  information  that  multitudes  o^  people  wanf-^^^^ 
ETeaefflSS4?fc^virS{.1„1°i;^i',''^  ^""^  '*>'?•  '^''ay  ^<"ld  «  «>•  ^^^  >»«  ^^  taken  • 
iKrrS?d?vSLn^?*«?tW"*  "*!»"'**•  T^P  eS"  P«>bably  has  a  better  knowledge  of  the 
S3b5^u9  ^^SrhfitL^**"*"**?^    I*  «  with  much  pleasure  ne  welcome  t^e  vohime 

I  Witt  th«»'«n^„  :  *f^**"  as  a  whole,  is  most  interesting,  and  should  be  of  value  to  all 
1  Witt  the  raUway  system  of  tills  country  as  a  book  of  rlfeience."-A«*»rfc 
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CIVIL  ENGINEERING,  SURVEYING,  etc. 

MR.  HUMBER'8  VALUABLE  ENGINEERING  BOOKS. 

The  Water  Supply  of  Cities  and  Toums. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS,  By  William  Humber,  A-M.Inst.C.E.,  and 
M.  Inst.  M.B.,  Author  of  "  Cast  and  Wrought  Iron  Bridge  Construction," 
&c.  &c.  Illustrated  with  50  Double  Plates,  i  Single  Plate,  Coloured 
Frontispiece,  and  upwards  of  250  Woodcuts^  and  containing  400  pages  of 
Text.    Imp.  4to,  £6  6s.  elegantly  and  substantially  half-bouiid  ip  morocco* 


Ltstof  Ci 
I.  HlstorlpJ  SVeEch  tA  »ciid«  at  ths  -  -ins 
that  have  been  adnpted  tas  iha  Supply  u(  ^^  ..ter 
to  CitiM  aad  Tnwaj.— 11.  Water  an  J  \he  l^o 
leien  Matter  Ti^naWy  ntssoc iated  with  it.—  III. 
Rauifall  and  Fv.ipiciratiijnH — IV,  Sprlnfi  and 
the  water-be.'1^l^.L;  Citnn:iciciiif  or  vitrloiit  dis- 
tricts.— V.  MH:'fl^iiTi:jFi:iientaTirt  HftmiiitiQii  of  the 
flow  of  Water  —VI.  On  tht  fjeJectiuii  of  the 
Source  of  Su  |  -.r  ily .  -  V 1 1 .  \V.;lIs  ^VUf  R  .i-et- 
voirs.-IX.  'i  V,     i    ■..■    •  -i    -■■'■.■■■      X. 

Fumps.  —  X;  _.    ^  _.  11. 


[II.  Dlstribt]HonofWater.~XIV« 

...L.-^..,. .,   4 . .  ice  Pipes,  and  House  FittingSi^ 

XV,  J  ha  l^iw  and  Economy  of  Water  Workfc 

XVI.  Cftn^Nint  and  Intermittent  Supply.— 
XV I L  rkscription  of  Plates.  -  AppcnScea, 
gi^iuii  Tab5Li  of  Rates  of  Supply,  Velocities. 
Tkc  x<^  tii^iither  with  Specifications  of  sevenl 
Wor];«illlii:birjited,  among  which  will  be  found: 
Abf!rJ<3cnL  Bideford,  Canterbury,  Dundee, 
Hdii'nx.  Lanibeth,  Rotherham,  DnbUn,  and 
olIilt^. 


"The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  In  English*  Ot 
In  any  other  language.  .  .  .  Mr.  Humber  s  work  is  characterised  almost  throughout  by  aa 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatttes." 

"  We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  of  faiiftw* 
mation  on  a  subject  so  important  as  the  water  suppiv  of  cities  and  towns.  The  plates,  fifty  fci 
oumber,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commanded  the  atttmniw 
of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession."— iffwtlAE^^. 

Cast  and  Wrought  Iron  Bridge  Construction^ 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Inm 
Foundations.  In  Three  Parts— Theoretical,  Practical,  and  Descriptive.  By 
William  Humber,  A.M.Inst. C.E.,  and  M.Inst.  M.E.  Third  Edition,  Re- 
vised and  much  improved,  with  115  Double  Plates  (20  oi  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Text.  In  Two  Vdl8.( 
imp.  4to,  £6  i6s.  6d.  half-bound  in  morocco. 

**A  very  valuable  contribution  to  the  standard  literature  of  dvil  engineering.  In  addition  to 
elevations,  plans  and  sections,  large  scale  details  are  given  which  very  much  enhance  the  instm^ 
rftve  worth  of  those  illustrations." —CxviV  Ensineerand  Architect's  Journal. 

"  Mr.  Humber's  stately  volumes,  lately  issued— in  which  the  most  hnportant  bridges  erected 
•during  the  last  five  vears,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt.  Mr.  Hav^ 
•haw,  Mr.  PageL  ^lr.  Fowler.  Mr.  Hemans.  and  others  among  our  most  eminent  engineers,  am 
drawn  and  specmed  in  great  detail."— iff m^imt. 

Strains,  Calculation  of, 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
IN  GIRDERS  ANDSIMILARSTRUCTURES.AND  THEIR  STRENGTH. 
Consisting  of  Formulas  and  Corresponding  Diagrams,  with  numerous  details 
for  Practical  Application,  &c.  By  William  Humber,  A-M.Inst.C.E.,  &e« 
Fifth  Edition.  Crown  8vo,  nearly  100  Woodcuts  and  3  Plates,  ys.  6d,  doth* 
"  The  formuUe  are  neady  expressed,  and  the  diagrams  good."— A tken^tum. 
*'  We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readsn.'*— «ffMf^ 
Zish  Mechanic 

Barlow^s  Strength  of  Materials,  enlarged  by  Humber . 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS; 
with  Rules  for  Application  in  Architecture,  the  Construction  of  Saspension 
Bridges,  Railways,  &c.  By  Peter  Barlow.  F.R.S.  A  New  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. ;  to  which 
are  added,  Experiments  b^  Hodgkinson,  Fairbairn,  and  Kirkaldy;  and 
Formulae  for  Calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.HumbbBi 
A-M.Inst.C.E.  Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous  Wood- 
cuts, x8s.  cloth. 
**  Valuable  alike  to  the  student,  tjrro,  and  die  experienced  practitioner,  ft  will  always  rank  fai 

ftature,  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  ^nhjfft  "    fffif/wwr. 
"  There  is  no  greater  authority  than  'Banlow."— Building  News. 
"  As  a  scientific  work  of  the  first  class,  it  deserves  a  foremost  place  on  the  bookshelves  otfwrw 

dvil  engineer  and  practical  mechanic."— fn^/ir  A  Mechanic. 
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Statics,  Graphic  and  AncUytic. 

GRAPHIC  AND  ANALYTIC  STATICSJn  their  Practical  Appii- 
eaium  to  the  Treatment  of  Stresui  in  Roofs,  Solid  Girders,  Lattice,  Bowstring 
emd  Suspension  Bridges,  Braced  Iron  A  rckes  and  Piers,  and  oiher  Frameworks. 
By  R.  Hudson  GitAHAMt  C.B.  Containing  Diagrams  and  Plates  to  Scale. 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class- work  in  Colleges  and  Universities.  Second  Edition,  Ra*^ 
▼ised  and  Enlarged.    8vo,  i6s.  cloth. 

"Mr.  GnhaiB't  book  wfll  flad  a  place  whetew  Enplile  and  analytic  statics  amused  or  atadled.*" 
^Snf/n€tr. 

"The  work  b  ezcdient  fton  s  practical  point  of  view,  and  fiat  evidently  been  prepared  wldi' 
■nch  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well* 
■etocted  examplea.    It  is  an  excellent  text-book  for  the  practical  draughtsman."— ^/Ammtmm. 

Bracticdi  Mathematics, 

MATHEMATICS  FOR  PRACTICAL  MEN:  Being  a  Common- 
pJace  Book  of  Pore  and  Mixed  Mathematics.  Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects  anit  Surveyors.  By  Olinthus  Grboory, 
LL.D.,  P.R.^S.,  Enlarged  by  Henry  Law.  C.£.  4th  Edition,  carefully 
Revised  by  J.  R.  Young,  formerly  Professor  ot  Mathematics,  Belfast  College* 
With  13  Plates.  8vo,  £1  is.  cloth. 
**  The  engineer  or  architect  will  here  find  ready  to  Us  hand  rules  for  soMne  neaxty  every  mathe- 

■utical  difficulty  that  may  arise  in  his  practice.    The  rules  are  in  all  cases  explained  by  means  of 

•samples,  In  which  ereiy  step  of  the  process  is  clearly  worked  oat."'-BuiUler, 

**  One  of  the  most  serviceable  boolcs  for  practical  mechanics.  .  .      It  is  an  instructive  book  fbr- 

tlie  student,  and  a  text-book  for  film  who,  havinsr  once  mastered  the  subjects  it  treats  of;  needs 

sccasfcmaily  to  refresh  his  memory  upon  thmn."—£uiUiHjF  News, 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS, mtd  FORMULJB 
forjmdine  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivert.  with  New  Formulss,  Tables,  and  General  Information  on  Rainfall. 
Catchment-Basins,  Drainage,  Sewerage.  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.I.A.  Third  Ed.,  carefully 
Revised,  with  considerable  Additions.  Numerous  lUnsts.  Cr.  8vo,  145.  cloth. 
"  Alike  valuable  to  students  and  engineers  fai  practice ;  its  study  will  prevent  the  annoyance  of^ 

•voidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 

•hen  work  connected  with  hydraulic  engineerinf|r."--^t'Msn^  youmeU. 

■•  It  b,  of  all  En^ish  books  on  the  subject,  the  one  nearest  to  completeness.  .  .  .  Prom  the 
1  arrangement  <u  the  matter,  the  dear  explanations,  and  abundance  of  formube,  the  careftil^ 


fnlfi«»><i  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  constructloa* 
wlikdi  to  displayed  from  first  to  last,  tta*  book  wiU  be  fomid  to  be  an  acqtiisltkm/'—^nA^iAKA 

Hydraulics. 

HYDRA  ULIC  MANUAL.    Consisting  of  Working  Tables  and 

Explanatory  Text.    Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field  ■ 

Operations.    By  Lowks  D'A.  Jackson,  Author  of  "Aid  to  Survey  Practice," 

"JModem  Metrology,*'  &c.    FourthlEdition,  Enlarged.   Large  cr.  8vo,  16s.  cl. 

"  The  author  has  had  a  wide  experience  in  hydraulic  engfaieering  and  has  been  a  careful  ob* 

server  of  the  facts  whkh  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his 

fffttpmniMi  he  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthv  guide  to  thte 

branch  of  the  engineer's  profession.    We  can  heartily  recommend  this  volume  to  all  who  desire  to  - 

be  acquainted  with  the  latest  development  of  this  important  subject."— Enginteringr, 

"The  standard- work  in  this  department  of  mechanics."— Sfv/rmaw. 

•'The  most  useful  feature  of  this  work  is  its  freedom  from  wfamt  b  snperannnatad,  and  its 
tfaercngh  i  doption  of  recent  experiments ;  the  text  is,  in  ftct,  in  great  part  a  short  account  of  the- 
giw  t  ■Mx'wn  experiments."— ivo/twrr. 

Drainage* 

ON  THE  DRAINAGE  OP  LANDS,  TOWNS,  AND  BUILD- 
INGS.    By  G.  D.  Dempsby,  C.E.,  Author  of  "The  Practical  Railway  En- 

Saeer,"  &c  Revised,  with  large  Additions  on  Recent  Practice  in 
RAiNAOB  Engineering,  by  D.  Kinnear  Clark,  M.InstC.E.  Author  of 
** Tramways:  Their  Construction  and  Working,"  "A  Manual  of  Rules, 
Tables,  and  Data  for  Mechanical  Engineers,"  ftc.  Second*  Edition,  Cor- 
rected.   Fcap.  8vo,  55.  cloth. 

"  The  new  matter  added  to  Mr.  Dempsey's  exceDent  work  to  characterised  by  the  comprehen- 
sive grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a  sufficient  voucher."— 

"  As  a  work  on  recent  practice  in  drainage  engineering,  the  book  b  to  be  commended  to  ail« 
who  are  making  that  branch  of  engineering  science  their  special  study."— /rvw. 

**A  comDrehenslve  manual  on  drainage  engineering,  and  a  uaeAal  introduction  to  the  studeat.**' 
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Water  Storage,  Conveyance,  and  Utilisation. 

WATER  ENGINEERING  :  A  Practical  TVeatise  on  the  Msasuro 
ment,  Storage,  Conveyance,  and  Utilisation  of  Water  for  the  Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.  By  Charles  Slagg,  Water  and 
Drainage  Engineer,  A.M.Inst.C.E.,  Author  of  *'  Sanitary  Work  in  the  Smaller 
Towns,  and  in  Villages,"  &c.  With  numerous  Illusts.  Cr.  8vo,  ys.  6d.  cloth. 
"  As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of 

wmter-power,  the  work  is  in  many  respects  excellent.'^— E«^'>M»rx«^. 

"  The  author  has  collated  the  results  deduced  from  the  exp-.riments  of  the  most  eminent 

•uthorities,  and  has  presented  them  in  a  compact  and  practical  foi  m,  accompanied  by  very  clear 

and  detailed  explanations.    .    .    .    The  apphcation  of  water  as  a  motive  power  is  treated  very 

carefully  and  exhaustively."— .5totf<e/«r. 

"For  anyone  who  desires  to  bcsin  the  study  of  hydraulics  with  a  consideration  of  the  practical 

applications  of  the  sdenca  there  is  no  better  gmdm."— Architect, 

Miver  Engineering. 

RIVER  BARS:  The  Causes  of  their  Formation,  and  their  Treat- 
ment by  "  Induced  Tidal  Scout;  "  with  a  Description  of  the  Successful  Re- 
duction bv  this  Method  of  the  Bar  at  Dublin.    By  I.  J.  Mann,  Assist.  Bng. 
to  the  Dublin  Port  aod  Docks  Board.    Royal  8vo,  75.  6d,  cloth. 
"We  recommend  all  interested  in  harbour  works— and,  indeed,  those  concerned  in  the  lm< 

provements  of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river 

Wis."—Efi£iHeer. 

Trusses. 

TRUSSES  OP  WOOD  AND  IRON.  Practical  Applications  of 
Science  in  Determining  the  Stresses,  Breaking  Weights^  Safe  Loads,  Scantlings, 
and  Details  of  Construction,  with  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and 
Art.  Oblong  8vo,  4s.  6d.  cloth. 
"  This  handy  little  book  enters  so  minutely  bito  every  detail  connected  with  the  construction  of 

roof  trusses,  that  no  student  need  be  ignorant  of  these  matters."— iVocTM-a/  Engineer, 

BaUway  Working. 

SAFE  RAILWAY  WORKING.  A  Treatise  on  Railway  Acci- 
dents: Their  Cause  and  Prevention;  with  a  Description  of  Modem  Appliances 
and  Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-President  and  Con- 
sulting Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illus- 
trations and  Coloured  Plates.  Third  Edition,  Enlarged.  Crown  8vo,  3s.  64. 
cloth. 
**  A  book  for  die  engineer,  the  directors,  the  managers ;  and.  In  short,  all  who  wish  for  informa* 

Hon  on  railway  matters  will  find  a  perfect  encyclopaedia  hi  '  Safe  Railway  Workfaig.'  "-~Raiiway 

Review. 

"  We  commend  the  remarks  on  ridlway  signalling  to  all  railway  managers,  especially  where  « 

udform  code  and  practice  is  advocated."— /fiW^a/A'x  Railway  youmal. 

"  The  author  may  be  congratulated  on  havi^  collected,  in  a  very  convenient  form,  much 

valuable  information  on  the  prmcipal  questions  anecting  the  safe  working  of  railways."- ^atf. 

way  Engineer, 

Oblique  Bridges. 

A  PRACTICAL  AND  THEORETICAL  ESSAY  ON  OBLIQUE 
BRIDGES.  With  13  large  Plates.  By  the  late  George  Watson  Buck, 
M.I.C.E.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I.C.E.  ; 
and  with  the  addition  of  Description  to  Diagrams  for  Facilitating  the  Con- 
struction of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.CB.  Royal  8vo,  i«. 
cloth. 

"  The  standard  text-book  for  all  engineers  regarding  skew  arches  b  Mr.  Buck's  treatise,  aad  it 
would  be  impossible  to  consult  a  better.  '—Engineer. 

"Mr.  Buck's  treatise  is  recognised  as  a  standard  text-book,  and  his  treatment  has  divested  th« 
tobject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and  archi- 
tect, on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed."— ^Mi&K^Airwi, 

Tunnel  Shafts. 

THE  CONSTRUCTION  OP  LARGE  TUNNEL  SHAPTS :  A 
Practical  and  Theoretical  Essay.  By  T.  H.  Watson  Buck,  M.InstC.E., 
Resident  Engineer,  London  and  North- western  Railway,  lUnstrated  with 
Folding  Plates.    Royal  8vo,  X2S.  cloth. 

*'  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason ;  and  the  observations 

on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  die  templates  will  be 

found  of  considerable  use.  We  commend  the  book  to  the  engineering  profession."— ^MtfV/n^  News. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  valuer  and  calculated  to  save  much  timf 

•nd  obviate  many  mistakes."— Cp//<rry  Guardian, 


8  CROSBY  LOCKWOOD  <»  SON'S  CATALOGUE. 

StudenVs  Text-Booh  on  Surveying* 

PRACTICAL  SURVEYING  :  A  Text-Book  for  Students  pre- 
paxinK  for  Examination  or  for  Survey-work  in  the  Colonies.  By  Georgx 
Vv.  U&iLL,  A.M.I.CE.,  Aathor  of  <'The  Statistics  of  the  Water  Supply  of 
Great  Britain."  With  Four  Lithographic  Plates  and  upwards  of  330  Illnstra- 
tiont.  Fourth  Edition,  Revised.  Crown  8vo,  7s.  6d.  cloth. 
**The  bMt  Ibnns  of  iiistniinents  are  described  as  to  their  construction,  uses  and  modes  of 

•BployaMnt.  and  there  are  fauutmerable  hints  on  work  and  eonipment  such  as  the  author,  in  Us 

•aperience  as  surreyor,  draughtsman,  and  teacher,  has  found  necessary,  and  which  the  student 

la  his  Inexperience  will  find  most  swlceable."— fM^nr^. 

"  The  latest  treatise  in  the  Ens^ish  language  on  surreyinff,  and  we  have  no  hesitation  In  say* 

Inc  that    the  student  will  find  It  a   t>etter   i^uide  than  any   of  its  predecessors 

Deserves  to  t>e  recognised  as  the  first  book  which  should  be  put  hi  the  hands  of  a  puf^l  of  CivO 

Engineering,  and  every  gentleman  of  education  wbo  sets  out  for  tlie  Colonies  would  find  it  wdl  Id 

havea  copy.  —A  rchttut. 


iturvey  rractice, 

-D  TO  SURVEY! 
,  and  Setting-out ;  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea, 


AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying,  LevO^ 
.,  .  «  ...  .         ..    «     .    -  ofTi      "       '     .       --- 


hng,  and  Setttng-out ;  and  tn  Route  Surveys  of  Travellers  by  Land  and  Sea» 
With  Tables,  Ilhistrations.  and  Records.  By  Lewis  D'A.  Jackson, 
A.M.I.C.E..  Auth.  r  of  "  Hydraulic  Manual/'  '^Modern  Metrology,"  Ac 
Second  Edition,  Enlarged.  Large  crown  8vo,  12s.  6d.  cloth. 
"Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.  We  can  rocommend 
this  book  as  containing  an  admirable  supplement  to  the  teachingof  the  accomplished  surveyor."— 

**  As  a  text-book  we  should  advise  all  surveyots  to  place  It  b  their  Bbrarles.  and  study  wdl  tbm 
"ired  faistructions  afforded  in  its  pages."— Co/^i^  Guardian. 
"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  wUcfet 
aided  by  a  dear  and  ludd  style  of  writing,  tenders  the  book  a  very  oseliil  one."— 5wtfAr. 

Surveying,  Land  and  ManHne. 

LAND  AND  MARINE  SUR  V EYING,  in  Reference  to  the  Pre- 
paration  of  Plans  f  jr  Roads  and  Railways ;  Canals,  Rivers,  Towns*  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  Use  of  Surveying 
Instruments.  By  W.  D.  Haskoll,  C.B.,  Author  of  "Bridge  and  Viaduct  Con- 
struction," ftc.  Second  Edition.  Revised,  with  Additions.  Large  cr.  8vo,  gs.  cl. 
"  This  book  must  prove  uf  (Treat  value  to  the  student.    We  have  no  hesitattou  In  recommend' 

Ing  It,  feeling  assured  that  it  will  more  than  repay  a  careful  study."— Methanica/  IVorU, 

"  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student    We  can  strongly  recommend 

It  as  a  carefully-wiittea  and  valuable  text-book.  It  enjoys  a  well-deserved  repute  among  surveyofs.** 

mm-Builder. 

' '  This  volume  cannot  faO  to  prove  of  the  utmost  practical  utility.  It  may  be  safidy  recommended 

to  all  students  who  aspire  to  become  clean  and  expert  vtrr^yoxs."— Mining  ^ourtuU, 

Field-Booh  for  Engineers, 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  AND  CON- 
TRA  CTOR  *S  FIELD-BOOK.  Consisting  of  a  Series  of  Tables,  with  Rules. 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only;  Levelling  with  the  Theodolite,  Casting-out  and  Reducing 
Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner ;  setting-out 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Curves  without 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  Off- 
sets :  and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6  inches  in 
depth.  Bv  W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth 
Eaition,  Enlarged.    Crown  8vo,  Z25.  cloth. 

"The  book  is  very  handy ;  the  separate  tables  of  sines  and  tangents  to  every  minute  will  make 

it  useful  for  many  other  purposes,  the  g[enuine  traverse  tables  existing  aU  the  same."—Atkenaum, 

"Every  person  engaged  in  edgineenng  field  operations  wiU  estimate  the  importance  of  such  a 

work  and  Uie  amount  of  valuable  tune  which  win  be  saved  by  reference  to  a  set  of  reliable  table* 

psepared  with  the  accuncy  and  folnen  of  those  given  in  tUs  vdume."— ^atfatwiy  Nems, 

Levelling, 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OP 
LEVELLING,  Showing  its  Application  to  purposes  of  Railway  and  Civfl 
Engineering,  in  the  Construction  of  Roads;  with  Mr.  Telford's  Rules  for  the 
same.  By  Frederick  W.  Simms,  F.G.S.,  M.Inst.C.E.  Seventh  Edition,  with 
the  addition  of  Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Trautwine's  Field  Practice  of  Laymg-out  Circular  Curves,  with  7  Plates 
and  numerous  .Woodcuts.  8vo,  8s.  6d,  cloth.  ♦»*  Trautwinb  on  Curvet 
may  be  had  separate,  55. 

"  T}^  text-book  on  levelling  fai  most  of  our  engineering  schools  and  coneges."— JS^v^iM^. 
•The  pubhrfiers  have  rendered  a  substantial  service  to  the  profession,  especially  to  theyo»— 
i  memben,  by  bvmging  out  the  present  edition  of  Mt.  Simms's  useful  woric"— f  Mtf»<MH«v. 
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THganametrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OP  CONDUCTING  A 

TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geographical  and 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  Levelling,  &c,,  with 
Useful  Problems,  FormulaB,  and  Tables.  By  Lieut.-General  FROUk,  ^.E, 
Fourth  Edition,  Revised  and  partly  Re- written  by  Major  General  Sir  Charlbi 
Warrbn,  G.C.M.G.,  R.E.  With  19  Plates  and  115  Woodcuts.  Royal  8vo,  x6s. 
cloth. 

"The  simple  feet  that  a  fourth  edition  has  been  called  fer  Is  tte  best  testhnony  to  ta  meitts. 
Wo  words  of  praise  from  us  can  strengthen  the  position  so  weU  and  so  steadily  mamtamed  by  this 
work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additioos  as  were  necessaiy 
to  bring  every  portion  of  the  contents  up  to  the  prasent  date."— ^^vorf  Artvw. 

Field  Fortification. 

A  TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING,  By 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich. Sixth  Edition.  Crown  8vo,  with  separate  Atlas  of  12  Plates,  xas.  cloth. 

WunnMing, 

PRACTICAL  TUNNELLING,  Explainiog  in  detail  the  Setting- 
out  of  the  works,  Shaft-sinkingand  Heading-drivmg,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  of  Tunnels,  with  the  amount  of  Labour  requhred  for,  and  the 
Cost  of,  tbe  various  portions  ot  the  work.  By  Frbdbrick  W.  Mmms, 
M  Inst  C  E  Fourth  Edition,  Revised  and  Extended  by  D.  Kinnkar  Clark. 
Milnstic.E.  Imperial  8vo,  with  34  Folding  Plates  and  numerous  Wood 
Engravings.  \Just  ^bltshed, 

••The  estimation  fai  which  Mr.  Stanins^  book  on  tunneiDng  has  been  held  for  ever  thfaty  years 
cannot  be  more  truly  expressed  than  in  tlue  words  of  the  late  Prof.  Ranklne :— '  The  best  source  of  In* 
formation  on  the^subject  of  tunnels  is  Mr.F.W.-Simms's  work  on  Practical  TunneOinfir.'  "—ArchUeet, 

"  It  has  been  re/?arded  from  the  first  as  a  text-book  of  the  subject.  .  .  .  Mr.  Clark  has  added 
Immensely  to  the  value  of  the  book."— BngiHeer, 

tramways  and  their  Working.' 

TRAMIVAYS:  THEIR  CONSTRUCTION  AND  WORltlNG. 
Embracing  a  Comprehensive  History  of  the  System ;  with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,  including  Horse-Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c. ;  a  Description  of  the  Varieties  of  Roll- 
ing Stock;  and  ample  Details  of  Cost  and  Working  Expenses.  New  Edition, 
Thoroughly  Revised,  and  including  the  Progress  recently  made  in  Tramway 
Construction,  8tc.,  &c.  By  D.  Kinnear  Clark,  M.Inst.C.E.  With  numerous 
Illustrations  and  Folding  Plates.     In  One  Volume,  8vo,  780  pages,  28s.  cloth. 

"  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned  to  the  author's 
work  '  Railway  Machinery.'"— J?M(f«>f««r. 

'*  An  exhaustive  and  practical  work  on  tramways,  in  which  die  history  of  this  Und  of  tooome- 
tlon.  and  a  description  and  cost  of  the  various  modes  of  layizq;  tramways,  are  to  be  found."-* 
Building  News. 

"The  best  form  of  rails,  die  best  mode  of  construction,  and  tiie  best  mechanical  sppHanost 
•re  so  fairly  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a  tramway 
will  be  enabled  at  once  to  obtain  the  practical  iniormadon  which  will  be  of  most  service  to  Um."— 
Athemeufn, 

Curves,  Tables  for  Setting-ouU 

TABLES  OP  TANGENTIAL  ANGLES  AND  MULTIPLES 
for  Setting-out  Curves  from   5  to  200  Radius,     By  Alexander  Bbaxblbt, 
M.IastC.E.    Fourth  Edition.    Printed  on  48  Cards,  and  sold  in  a  cloth  box, 
waistcoat-pocket  size,  3s.  6d, 
"  Each  tabid  is  printed  on  a  small  card,  which,  being  placed  on  the  tiieodollte,  leaves  the  hands 

free  to  manipulate  the  instrument— no  small  advantage  as  regards  Uie  rapidity  of  work,"— Bn£iti€tr, 
"  Very  handy ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  tiiese  caidsy  wfaidi 

lie  puts  into  his  own  card-case,  and  leaves  the  rest  beMod."— A the$$aum, 

Earthwork. 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.E.,  and  Francis  Cam  pin  ,  C.E. 
Crown  8vo,  5s.  cloth. 

"  The  way  In  which  accuracy  is  attained,  by  a  simple  division  ot  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious."— ^XA^mowm. 
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MARINE  ENGINEERING,  etc. 
Bochet'Boohfar  Ma/Hne  Bngineers. 

A    POCKET-BOOK  OF    USEFUL    TABLES    AND    FOR- 
MULjB  for  marine  engineers.     By  Frank  Proctor,  A.I.N.A. 
Third  Edition.    Royal  samo,  leather,  gilt  edges,  with  strap,  4s. 
**W«  recommend  it  to  our  readers  as  gdtng  far  to  tupplv  a  lonfr-felt  want."— iVacw/SctfvM*; 
**  A  mott  osdEul  compaidon  to  aB  marine  engineers."— Cff»fl>«rf  SStrtdee  Gajgettt, 

Introduction  to  Marine  Engineering. 

ELEMENTARY  ENGINEERING :  A  Manual  for  Young  Marine 
Engineers  and  Apprentices,  In  the  Form  of  Questions  and  Answers  on 
Metals,  Alloys,  Strength  of  Materials,  Construction  and  Management  of 
Marine  Engines  and  Boilers,  Cxeometry,  &c.  ftc.  With  an  Appendix  of  Useful 
Tables.  By  John  Sherrkn  Brbwer,  Govemmfrnt  Marine  Surveyor,  Hong- 
kong. Second  Edition,  Revised.  Small  crown  8vo;  is.  6d.  cloth. 
**  Contains  much  Tabiable  information  for  the  dass  for  whom  it  fs  Intended,  espedafly  In  th« 

chaoters  on  the  management  of  boOers  and  engrifles."— AbwAha/  MaguHnt, 
"  A  useful  introduction  to  the  more  elaborate  tmttrbwAa^"— Scotsman. 
**  To  a  student  who  has  the  requisite  desire  and  rasolvs  to  Attain  a  th<Mrough  knowledge,  M«. 

Brewer  ofien  deddedly  nsefui  help."— ^Mmmvwm. 

Navigation. 

PRACTICAL  NAVIGATION,  Consisting  of  The  Sailor's 
Sba-Book,  by  James  Grbbnwood  and  W.  H.  Rossbr  i  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems^ 
by  Hbmry  Law,  C.E.,  and  Professor  J.  R.  Young.  Illustrated,  ismo,  ys.. 
strongly  half-bound. 

jyrawmg  for  Marine  Engineers. 

LOCKIE'S  MARINE  ENGINEER'S  DRAWING -BOOK. 
Adapted  to  the  Requirements  of  the  Board  of  Trade  Examinations.  Bv 
John  Lockie,  C.E.  With  29  Plates,  Drawn  to  Scale.  Royal  3vo,  3s.  6dL 
cloth.  [J«5f  published^, 

**  The  student  who  learns  from  these  drawings  will  have  nothing  to  unlearn."— £«^"«rrr. 
**  The  examples  chosen  are  essentially  practical,  and  are  such  as  should  prove  of  service  t» 
engineeis  generally,  while  admirably  fulfilflng  their  specific  ^ax^osn."— Mechanical  fVorld. 

Sailmaking. 

THE  ART  AND  SCIENCE  OF  SAILMAKING,  -By  Samubi. 
B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of  Messrs.  Ratsey 
and  Lapthorne,  of  Cowes  and  Gosport.  With  Plates  and  other  Illustrations* 
Small  4to,  las.  6d.  cloth.  [Just  published. 

Summary  of  Contents, 


Chap.  I.  The  Materials  used  and 
THEIR  Relation  to  Sails.— II.  On 
THE  Centre  of  Effort.— III.  On 
Measurino.— IV.  On  Drawing.— V. 
On  the  Number  of  Cloths  required. 


-VI.  On  Allowances.— VII.  Calcu- 
lation of  Gores.— VIII.  On  Cutting^ 
Out.— IX.  On  Roping.— X.  On  Dia- 
gonal-Cut Sails. — XI.  Concludino 
Remarks. 


**Th{s  work  is  very  ably  written,  and  is  illustrated  by  diagrams  and  carefully  worked  calcula- 
tions. The  work  ^ould  be  in  the  hands  of  every  sailmaker,  whether  employer  or  employed,  as  it 
cannot  fail  to  assist  them  in  the  pursuit  of  their  important  avocations."— Vji^  qf  fV^ht  HereUd. 


"  This  extremely  practical  work  gives  a  complete  education  in  all  the  branches  of  the  manit- 
facture.  cutting  out,  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  will  form  a  first* 
rate  text-book  and  tOiide."—PortstMautA  Times. 

Chain  Cables. 

CHAIN  CABLES  AND  CHAINS,  Comprising  Sizes  and 
Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and 
Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and  Chains, 


M.  Inst.  C.E.,  Engineer  Surveyor  in  Chief,  Beard  of  Trade,  Inspector  or 
Chain  Cable  and  Anchor  Proving  Establishments,  and  General  Superin- 
tendent, Lloyd's  Committee  on  Proving  Establishments.  With  numerous 
Tables,  Illustrations  and  Lithographic  Drawings.  Folio,  £2  «•  cloth, 
bevelled  boards. 
.  o.v!l' w°"**l?*  ?  ^5**  amount  of  valuable  faiformatf  on.  Noddng  seems  to  be  wanting  to  make  li 
a  complete  and  standard  work  of  reference  on  the  fubdect."— ^aM/ico/  Mofwiitu, 


MINING  AND  METALLURGY. 


MINING  AND  METALLURGY, 

Mining  Machinery, 

MACHINERY  FOR  METALLIFEROUS  MINES  :  A  Practi-^ 

cal  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of  Mines. 
By  E.  Henry  Davies,  M.E.,  F.G.S.  Crown  8vo,  580  pp.,  with  upwards  of 
300  Illustrations,  J2S.  6d.  cloth.  \!^f*^^  Published, 

*'  Mr.  Davies,  in  this  handsome  volume,  has  done  the  advanced  student  and  the  manager  of 
nines  g^ood  service.  Almost  every  kind  of  machinery  in  actual  use  is  carefully  described,  and  the- 
woodcuts  and  plates  are  %ooA."—Athena'um. 

"  From  cover  to  cover  the  work  exhibits  all  the  same  characteristics  which  excite  the  confi- 
dence and  attract  the  attention  of  the  student  as  he  peruses  the  first  pag:e.  The  work  may  safely 
be  recommended.  By  its  publication  the  literature  connected  with  the  industry  will  be  enriched, 
and  the  reputation  of  its  author  enhanced."— Jfintwo'  Journal. 

"  The  work  deals  with  nearly  every  class  of  machinery  or  apparatus  likely  to  be  met  with  or 
required  in  connection  with  metalliferous  mining,  and  is  one  which  we  have  every  confidence  in  re- 
oonunending."— Prociico/  Engineer, 

MetaUiferaus  Mining  in  the  United  Kingdom. 

BRITISH  MINING:  A  Treatise  on  the  Histo^, Discovery, Practical 
Development^  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  King' 
dom.  By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records ;  Editor  of 
"  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines, '^  &c.  Upwards  of  950 
pp.,  with  230  Illustrations.    Second  Edition,  Revised.      Super-royal  8vo, 

£2  9S.C    - 


cloth. 

''bne  of  the  most  valuable  works  of  reference  of  modem  times.  Mr.  Hunt,  as  keeper  of  mlnin£. 
■v^iufds  of  the  United  Kingdom,  has  had  opportunities  for  such  a  task  not  enjoyed  by  anyone  elseu 
and  has  evidently  made  the  most  of  them.  .  .  .  The  languagfe  and  style  adopted  are  good,  and 
the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific." — Engineerinfr. 

"The  book  is,  in  fact,  a  treasure-house  of  statistical  infonuation  on  mining  subjects,  and  wft 
know  of  no  other  work  embodying  so  great  a  mass  of  matter  of  this  kind.  Were  this  the  only 
merit  ef  Mr.  Hunt  s  volume,  it  would  be  sufficient  to  render  it  indispensable  in  the  library  of 
evecjrone  interested  in  the  development  of  the  mining  and  metallurgical  industries  of  this  country ."^ 
— Atkenaum, 

"  A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  majv 
be  interested  in  our  great  mineral  ind\istries."—£n£ineer, 

Metallifermis  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.,  Author  of  "A 
Treatise  on  Slate  and  Slate  Quarrying."  Fifth  Edition,  thoroughly  Revised 
and  much  Enlarged,  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G  S.  With  about 
150  Illustrations.    Crown  Svo,  12s.  6d,  cloth.  [Just  published. 

"Neither  the  practical  miner  nor  the  general  reader  Interested  in  mines  can  have  a  better  booK. 

fox  his  companion  and  his  guide."— Aftnt'n^  youmal.  \_MiHing  IVorU, 

"We  are  doing  our  readers  a  service  m  calling;  their  attention  to  this  valuable  work."— 
••  A  book  that  will  .lot  only  be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist 

but  also  very  interesting  to  the  general  public."— /r«7«. 

"As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value». 

■ad  it  supplies  an  actual  miat,"^Athettaum. 

Earthy  Minerals  and  Mining. 

A  TREATISE  ON  EARTHY  &»  OTHER  MINERALS  AND 
MINING.  By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals," 
&c.  Third  Edition.  Revised  and  Enlarged,  by  his  Son,  E.  Henry  Davies, 
M.E.,  F.G.S.  With  about  100  lUustP.  Cr.  8vo.  12s.  6<i.  cl.  17 us t  published^. 
"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  thsit  contalna- 

tfie  same  amount  of  information  packed  in  equally  convenient  form."— Academy. 

"  We  should  be  inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades  ' 

manuals  which  have  recently  appeared." — British  Quarterly  Review. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE.  Being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Descrip- 
tion of  a  large  number  ot  the  best  known  Engines,  their  General  Utility  and 
the  Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  merits  compared  with  other  forms  of  Pumping  Madiinery.  By  Stephen 
MicHELL.  Svo,  15s.  cloth. 
"Will  be  highly  esteemed  by  colliery  owners  and  lessees,  mining  engineers,  and  students 

generally  who  require  to  be  acquainted  with  the  best  means  of  securing  the  drainage  of  mines.    It 

IS  4  most  valuable  work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery."^ 

Colliery  Guardian. 

"  Much  valuable  informadon  Is  given,  so  that  the  bock  Is  thoroughly  worthy  of  an  extensiv*- 

ctr 'illation  amongst  practical  men  and  purchasers  of  machinery."— A/tntn^  journal. 
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Prospecting  far  Gold  and  other  Metals* 

THE  PROSPECTOR* S  HANDBOOK:  A  Guide  for  the  Pro- 
spector and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals. 
By  J.  W.  AMDBitsoN,  M.A.  (Camb.),  F.R.G.S.,  Author  of  "Fiji  and  New 
Caledonia."  Sixth  Edition,  thoroughly  Revised  and  Enlarged.  Small 
crown  8vo,  3s.  6<f.  cloth. 

**  Will  supply  a  much  felt  want,  etpedaDy  tmoag  Colonists,  In  whose  wav  are  so  often  thiown 
«Dany  mineralogical  specimens  the  value  of  which  it  is  difficult  to  detennine."— j?«tfi'mer. 

''How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 
leadinsf  points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practical 
•detail  Into  his  paces  as  would  supply  ma  terial  for  a  book  three  times  its  tizn,"— Mining  S^oumal, 

Mining  Notes  and  Formulae. 

NOTES  AND  FORMULAE  FOR  MINING  STUDENTS.    By 

IOHN  Herman  Mkrivalb,  M.A.,  Certificated  Colliery  Manager,  Professor  of 
fining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.    Third 

Edition,  Revised  and  Enlarged.     Small  crown  8vo,  S5. 6d.  cloth. 

"  luTaluable  to  anyone  who  Is  working  up  for  an  examination  on  mining'  subjects."— /rvw  and 
^oat  Trades  Review. 

"  The  author  has  done  his  work  hi  an  exceedingly  creditaUe  manner,  and  has  produced  a  book 
4!hat  will  be  of  senrice  to  students,  and  those  who  are  practically  engaged  in  mining  operations.'  — 
Emrineer, 

"  A  vast  amount  ci  technical  matter  of  the  utmost  value  to  mining  engineers,  and  of  consideiw 
«ble  interest  to  students."— 5cAA0/maj/)(r. 

Miners^  and  Metallurgists'  Pocket-Book, 

A  POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS, 
Comprising  Rules,  Formulae,  Tables,  and  Notes,  for  Use  in  Field  and  Office 
Work.  By  F.  Dan  vers  Power,  F.G.S.,  M.E.  Fcap.  8vo,  gs.  leather,  gilt 
edges.  jj^ttf^/^^fr/is^d. 

"  The  book  seems  to  contain  an  immense  amount  of  useful  information  in  a  small  space,  and  no 

-doubt  will  prove  to  be  a  valuable  and  handy  book  for  mining  eneineers.''— CLE  NEVE  FOSTER,Esq. 
"  Miners  and  metallurgists  wiU  find  m  this  work  a  useful  vade-me  um  containing  a  mass  of 

mips,  formulae,  tables,  ana  various  other  information,  the  necessity  for  reference  to  which  occurs  in 

tlieir  daily  duties."— /r»«. 

"  A  marvellous  compendium  which  every  miner  who  desires  to  do  work  rapidly  and  well  should 

hasten  to  buy."— XedrutA  Times. 

"  Mr.  Power  has  succeeded  in  producing  a  pocket-book  which  certainly  deserves  to  become 

'the  engineer's  vade-mecum."— A/echanica/  IVorld. 

Mineral  Surveying  and  Valuing, 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 
GUIDE,  comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuor 
Hon  of  Mining  Properties^  with  New  Traverse  Tables.  By  Wm.  Lintbrm, 
Mining  and  Civil  Engineer.  Third  Edition,  with  an  Appendix  on  "  Magnetic 
and  Angular  Surveying,"  with  Records  of  the  Peculiarities  of  Needle  Dis- 
turbances.   With  Four  Plates  of  Diagrams,  Plans,  &c.    zamo,  4s.  cloth. 

"  Mr.  Lintem's  book  forms  a  valuable  and  thoroughly  trustworthy  guide."— /fVM  emd  CoeU 
'Trades  Review. 

"  This  new  edition  must  be  of  the  highest  value  to  ccWery  surveyors,  proprietors,  and  mans* 
(ffers."— Ctf/Ztery  Guardian, 

Asbestos  and  its  Uses. 

ASBESTOS:  Its  Properties,  Occurrence,  and  Uses.     With  some 
Account  of  the  Mines  of  Italy  and  Canada.    By  Robert  H.  Jones.    With 
•    Eight  Collotype  Plates  and  other  Illustrations.    Crown  8vo,  12s.  6d,  cloth. 
"  An  interesting  and  invaluable  work.."— Collierv  Guardian. 
"  A  valuable  addition  to  the  architect's  and  engineer's  ]xx>xdjcj.'*— Building  News, 

Explosives, 

A  HANDBOOK  ON  MODERN  EXPLOSIVES.  Being  a 
Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun- 
Cotton,  Nitro-Glycerine,  and  other  Explosive  Compounds.  Including  the 
Manufacture  of  Collodion-Cotton.  By  M.  Eissler,  Mining  Engineer  and 
Metallurgical  Chemist,  Author  of  "  The  Metallurgy  of  Gold,"  "  The  Metal- 
lurgy of  Silver,"  &c.  With  about  100  lUusts.  Crown  8vo,  los.  6d.  cloth. 
"  Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 
Sse  of  explosives  generallv  may  at  any  time  become  a  necessary  auxiliary."— iVo/Mrv. 

"  A  veritable  mine  of  mformatlon  on  the  subject  of  explosives  employed  for  military,  i 


-and  blasting  purposes."— ^rmy  and  Navy  Gazette. 

"  The  book  is  clearly  written.    Taken  as  a  whole,  we  consider  it  an  excellent  little  book  and 
-one  that  should  be  found  of  great  service  to  oolners  and  others  who  are  enneed  in  work  («auirki« 


•the  use  of  explosives."— .^f^A^mrum. 


ELECTRICITY,  ELECTRICAL  ENGINEERING,  etc.      '5 
ELECTRICITY,  ELECTRICAL  ENGINEERING,  etc. 

Electrical  Engineering. 

THE    ELECTRICAL    ENGINEER'S    POCKET-BOOK    OP 

MODERN  RULES,  FORMULA,  TABLES.  AND  DATA,     By    H.    R. 

j  Kempb,  M.Inst  E.E.,  A.M.Inst.C.E.,Tecbnical  Officer,  Postal  Telegraphs, 

Authoi   of  "A   Handbook   of   Electrical  Testing,*'  &c.    Second  Edition. 

thoroughly  Revised,  with  Additic  ns.    With  numerous  Illustrations.    Royal 

32mo,  oblong,  5s.  leather.  [J^ms^  published. 

**  I  he.  e  is  very  Uttle  in  the  shape  of  formulae  or  data  which  the  electrician  is .  liicely  to  want 
In  a  huiry  v  hich  cannot  be  found  in  its  pages  "—Practical  Engineer. 

"A  veiT  useful  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  iti 
various  api  Ucations  to  the  industries  of  the  present  day."— /tvm. 

"  It  Is  the  best  boolc  of  its  V\r.6"—F.UctHcai  Engineer. 

"Well  arranged  and  coo  pact.  The  '  Electrical  Engineer's  Pocket*  Book '  is  a  good  one."— 
Blectn^xan. 

"Strtngly  recommended  to  those  engaged  in  the  various  electrical  industries.  "—£^/H^»l 
Reoiew. 

ElectHc  Lighting. 

ELECTRIC  LlGiiT  FITTING:   A  Handbook  for  Working 

Etectrical  Engineers,  embodying  Practical  Notes  on  Installation  Mai  oge* 

ment.   By  John  W.  Urquhart,  Electrician,  Author  of  "  Electric  Light,"  &c. 

With  numerous  lUusi rations.    Crown  8vo,  5s.  cloth. 

"  This  volume  deals  with  what  may  be  termed  the  mpchanics  of  electric  lighting,  and  it 
addressed  to  m:'n  who  are  alr^  ady  engaged  in  the  work  or  are  training  for  {t.  The  work  traverses 
a  great  d«  al  of  ground,  and  may  Se  read  as  a  sequel  to  the  same  author's  useful  work  on  '  Electric 
Light.'  "—hlectrician. 

"  This  is  an  attempt  to  state  In  the  simplest  language  the  precautions  which  should  be  adopted 
In  installing  the  electric  light,  and  to  give  information,  for  the  guidance  of  those  who  have  to  run 
the  plant  when  installed.  The  book  is  well  worth  the  perusal  of  the  workmen  for  whom  it  is 
written."— i:V«rtrfcfa/  Rei  iew. 

"  We  have  read  this  book  with  a  good  deal  of  pleasure.  We  believe  that  the  book  will  be  ol 
Dse  to  practical  workmen,  wbo  will  not  be  alarmed  by  finding  mathematical  formulae  which  th^ 
are  unable  to  understand."— £"/*f/rua/  P^ant. 

*'  Eminently  practical  and  useful.  .  .  Ought  to  be  in  the  hands  of  everyone  in  charge  of 
an  electric  light  piaaW— Electrical  Engineer, 

"Altogether  Mr.  Urquhart  has  succeeded  in  producing  a  really  capital  book,  which  we  have 
no  hesitation  in  recoounending  to  the  notice  of  working  electricians  and  electrical  engineers.'  — 
Mechanical  fVorld. 

Electric  JLight. 

ELECTRIC  LIGHT :  Its  Production  and  Use.  Embodying  Plain 
Directions  for  the  Treatment  of  Dynamo-Electric  Machines,  Batteries. 
Accumulators,  and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  ox 
"Electric  Light  Fitting,*'  "Electroplating,"  &c.  Fifth  Edition,  carefully 
Revised,  with  Large  Additions  and  145  Illustrations.  Crown  8vo,  7s.  6J.  cloth. 

[Jttst  published. 
**  The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a  very  clear 
and  concise  mannct."—£lectricai  Review. 

•'  Contains  a  good  deal  of  very  interesfnp  information,  especially  in  the  parts  where  tha 
author  gives  dimensions  and  »  orking  cosXs."— Electrical  Engineer.  ^ 

"  A  miniature  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  liglife* 
big."— Electrician. 

"  You  cannot  for  your  purpose  have  a  better  book  than  •  Electric  Light,'  by  Urquhart"— 
Bngifteer, 

"  The  book  b  by  fiur  the  best  that  we  have  yet  met  with  on  the  sah}ect."—jit/teHaum. 

Construction  of  Dynamos. 

DYNAMO  CONSTRUCTION :  A  Practical  Handbook /or  the  Us$ 
of  Engineer  Constructors  and  Electricians-in-Charge,  Embracing  Frame- 
work Building,  Field  Magnet  and  Armature  Winding  and  Grouping,  Com- 
pounding, &c.  With  Examples  of  leading  English,  American,  and  Conti- 
nental Dynamos  and  Motors.  By  J.  W.  urquhart,  Author  of  **Electrio 
Light,"  "  Electric  Light  Fitting,"  &c.  With  upwards  of  100  Illustrations. 
'  Crown  8vo,  7s.  6d.  cloth.  [Just  published. 

•*  Mr.  Urquhart's  book  is  the  first  one  which  deals  ^th  these  matters  in  such  a  way  that  the 

•Dgmeering  student  can  understand  them.    The  book  is  very  readable,  and  the  author  leads  bit 

veaden  up  to  difficult  subjects  by  reasonably  simple  t^sXs"—Engineeriftg  Review. 

"  The  author  deals  with  his  subject  in  a  style  so  popular  as  to  make  nis  volume  a  handbook  of 

neat  practical  value  to  engineer  contractors  and  electricians  in  charge  of  lighting  instillations."— 

Scottmatt. 

•••Dynamo  Construction'  more  than  sustains  the  high  character  of  the  author's  previoos 

iniblications.    It  is  sure  to  be  widely  read  by  the  large  and  rapidly  increasing  nuiaber  of  practical 

tiitctndaxa."— Glasgow  Herald. 

**  A  boolc  for  which  a  demand  has  long  existed."— Af«rA«M«s/  fftrld. 


14       CROSBY.  LOCKWOOD  ^  SON'S  CATALOGUE. 
INDUSTRIAL  ARTS,  TRADES  AND  MANUFACTURES. 

THE  ART  OP  SOAP^MAKING:  A  PraOkal  Handbook  of  thB 
Manufacture  of  Hard  and  Soft  Soap$,  Toilet  Soap$.  etc,  Inclading  many  New 
ProcessM,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leva. 
2y  Albxandbr  Watt,  Aathor  ot  "  Electro>Metallurgy  Practically  Treated," 
Ac.  With  numerous  Illustrationa.  Fifth  Edition,  Kevised  and  Enlarged. 
Crown  Svo,  ys.  6d,  cloth. 
**Th«  work  will  prov*  very  oaaAd,  net  mardy  to  the  tochnological  itndeni;  but  to  die  piactlcal 

•oep-boOer  who  wishes  to  understand  the  theory  of  his  KtW—CMemieal  News. 

**  Really  an  excellent  example  of  a  technical  manual,  entering,  as  it  does,  thorougrhly  and  ex- 

haustlvely.  Doth  into  the  theory  and  practice  of  soap  manufacture.    The  book  is  well  and  honestly 

done,  and  deserves  the  considerable  circulation  with  which  it  wiU  doubtless  Taeet."—Knoiaied£rt. 
**lf  r.  Watt's  bode  is  a  thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  la 

ewlangaage.   We  oongiatulate  tn*  author  on  the  sucgom  of  Ui  endMnroor  to  fill  a  fokl  in  En^^ish 

iKhnical  Htenture."— Ald/wrw. 


Taper  Making. 

THB  ART  OF  PAPER  MAKING :  A  Practical  Handbook  ofth$ 
Manufacture  of  Paper  from  Ragi^  Esparto,  Straw,  and  other  Fibrous  Materials. 
Inclading  the  Manufacture  of  Pulp  from  Wood  Fibre,  with  a  Description  of 
the  Machinery  and  Appliances  used.  To  which  are  added  Details  of 
Processes  for  Recovering  Soda  from  Waste  Liquors.  By  Albxandbr  Watt, 
Author  of  "  The  Art  of  Soap-Making,"  "  The  Art  of  Leather  Manu£au:tare,** 
&c.    With  Illustrations.   Crown  8vo,  ys.  6d.  cloth. 

**  This  book  Is  succinct,  lucid,  tboroughly  practical,  and  includes  everythbisr  of  interest  to  the 
nodem  paper-maker.  The  book,  besides  beinir  all  the  student  of  Daper-making:  will  require  in  his 
•pprenticeship,  will  be  found  of  interest  to  the  paper-maker  himself.  It  is  the  latest,  most  practical, 
ana  most  complete  woric  on  the  paper-makinsr  art  before  the  British  pubUc"— />a/«r  Record. 

"  It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valuable  iiif 
formation.  The  *  Art  of  Paper-makinf ,'  is  in  every  rospect  a  model  of  a  text-book,  either  for  a 
technical  dass  or  for  the  private  student.  "-^Ai/rraiuf  Prmiing  Trades  S^ourmU 

Leather  Manufacture. 

THB  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tannine  Ex- 
plained, and  many  Recent  Processes  Introduced ;  as  also  the  Methods  for 
the  Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c.  By  Albxandbr  Watt,  Author  of  "  Soap-Makine,"  **  Electro- 
Metallurgy,"  Ac  With  numerooa  IllustraUons.  Second  Ediuon«  Crown 
8vo,  9S.  cloth. 

**Thb  volume  is  technical  without  befaiflr  tedkwa,  comprehensiTe  and  complele  wlthotft  beins 
prosy,  and  it  bears  on  every  page  the  impress  of  a  master  hand.  We  have  never  come  across  a 
better  trade  treatise,  nor  one  that  so  thorouchlj  supplied  aa  abeolttte  want."— %S*m  mmd  Ltmtkm 
Trmdei  ChrmicU. 

Boot  and  Shoe  Making. 

THB  ART  OF  BOOT  AND  SHOE-MAKING.    A  Practical 

Handbook,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing,  and 
Making,  with  a  Description  of  the  most  approved  Machinery  employed. 
By  JoHM  B.  Lbno,  late  Editor  of  St.  Crispin,  and  The  Boot  and  Shoe-Maker. 
with  numerous  Illustrations.    Third  Edition,    xamo,  as.  cloth  limp. 
"  This  excellent  treadae  is  bgr  far  the  best  work  ever  written  on  the  subject.    The  chapfeas 

on  clicking,  which  shows  how  waste  may  be  prevented,  wiU  save  fifty  times  the  price  of  tite  book.* 

-^ScoMtA  Leatfur  Trader, 

Dentistru  Construction. 

MECHANICAL  DENTISTRY :  A  Practical  Trtaiise  on  tk$ 
Construction  of  the  various  hinds  of  Artificial  Dentures.  Compriaing  also  Us^^ 
ful  Formulas,  Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c.  ftc. 
By  Charlbb  Huntbr.  Thfrd  Edition,  Revised.  With  npwarda  of  loo 
Wood  Engravings.  Crown  8vo,  3s.  6d.  cloth. 
**  The  work  is  very  practicaL"— ^mc/AO'  Review  e/"  Dental  Sttfr*ry, 

*'  We  can  strongly  recommend  Mr.  Hunter's  treatise  to  aO  students  preparfaig  for  the  profcrtoe 
of  dentistry,  as  wellas  to  every  mechanlral  dentist."— <i7MMfo  yeumml^  Medieai  Seieme, 

Wood  ESngraving. 

WOOD  ENGRAVING:  A  Practical  and  Easy  Introduction  to  the 
study  of  the  Art.  By  William  Norman  Browm.  Second  EditiO*  With 
numerous  Illustrations,    xamo,  is.  6d.  cloth  limp. 

*' The  book  is  dear  and  complete,  and  will  be  useful  to  anyone  waating  to  omLjstaad  uie&nt 
etaneutaofthebeautiflilartofwoodengiaving."-<;riM*fc  — ««  w  ««..«««3  uie  nn. 
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Horology. 

A  TREATISE  ON  MODERN  HOROLOGY,  in  Theory  and  Prae- 
tice.    Translated  from  the  French  of  Claudius  Saunibr,  ex-Director  of  tho 
School  of  Horology  at   Magon,  by  Julibn  Tripplin,  F.R.A.S^  Besancon 
Watch  Manufacturer,  and  Edward  Rigq,  M.A.,  Assayer  in  the  Royal  Mine 
With  78  Woodcuts  and  2a  Coloured  Copper  Plates.    Second  Edition.    Super- 
royal  8vo,  £2  35.  cloth ;  £t  xos.  half-calf. 
"  There  is  no  horoloeical  work  in  the  Eivl^b  language  at  all  to  be  compared  to  thb  pfodnc- 
tlon  of  M.  Saunter's  for  deaniess  and  completeness.    It  is  alike  good  as  a  guide  for  the  student  and 
as  a  reference  for  the  experienced  horologist  and  skilled  worlunan."— iy«r»^^l>'va/  youmoL 

"  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
«oatinental  watchmakers  are  indet>ted  for  the  mechanical  superiority  over  their  English  brethren 
—in  &ct,  the  Book  of  Books,  is  M.  Saunier's '  Treatise.'"— ff^iAAmoAcr.  ^gweUer  andSiivtrsmith, 

Watchmaking. 

THE  WATCHMAKER'S  HANDBOOK,  Intended  as  a  Work- 
shop Companion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechani- 
cal Arts.  Translated  from  the  French  of  Claudius  Saunier,  and  considera- 
ably  enlarged  by  Julisn  Tripplim,  F.R.A.S.,  Vice-President  of  the 
Horological  Institute,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  dumeious  Woodcuts  and  14  Copper  Plates.  Third  Edition.  Crown 
Svo,  9».  cloth. 
"  Each  part  is  truly  a  treatise  In  Itsdf.    The  anramgement  Is  flfood  and  the  language  is  dear  and 

concise.    It  is  an  admuable  euide  for  the  jroung  watchmaker."— ^M^'^MrWn^. 

"  It  is  impossible  to  speak  too  highly  of  its  excellence.    It  fulfils  every  requirement  in  a  hand- 

book  intended  for  the  use  of  a  wormnan.    Should  be  found  in  every  workshop."— /#^aAA  and 

ClacJtmaker. 

**  This  book  contains  an  immense  number  of  practical  details  bearing  on  the  daily  occupation 

-of  a  watchmaker."— ff^o/cAmaifer  and  MetatmorJker  (Chicagol, 

Watches  and  Timekeepers, 

A  HISTORY  OF  WATCHES  AND  OTHER  TIMEKEEPERS, 
By  James  F.  Kendal,  M.B.H.Inst.  250  pp.,  with  88  Illustrations,  is.  &2. 
boards ;  or  25.  td.  cloth  gilt.  \Jttst  published, 

"  Mr.  Kendal's  book,  for  its  size,  is  the  best  which  has  yet  appeared  on  this  subject  in  the 
English  language."— /yu/Kj/fier. 

"  Open  the  book  where  you  may.  there  is  interesting  matter  in  it  concerning  the  ingqpioua 
•devices  of  the  ancient  or  modem  horologer.  The  subject  is  treated  in  a  liberal  and  enteftaining 
spirit,  as  might  be  expected  of  a  historian  who  is  a  master  of  the  craft."—ScUurJay  Rtviem. 

Mectrolysis  of  Ooldf  Silver,  Copper,  etc* 

ELECTRO-DEPOSITION  :  A  Practical  Treatise  on  the  Electrolysis 
of  Gold,  Silver t  Copper,  Nickel,  and  other  Metals  and  Alloys,  With  descrip- 
tions of  Voltaic  Batteries,  Magneto  and  Dynamo-Electnc  Machines,  Ther- 
mopiles, and  of  the  Materials  and  Processes  used  in  every  Department  of 
the  Art,    and   several  Chapters  on   Electro-Metallurgy.     By  Alexander 

*     Watt,  Author  of  "  Electro-Metallurgv,"  &c.    With  numerous  Illustrations. 
Third  Edition,  Revised  and  Corrected.    Crown  8vo,  95.  cloth. 
•■Eminently  a  book  for  the  practical  worker  in  electro-depositkn.     It  contains  practical 

descriptions  of  methods,  processes  and  materials  at  actually  pursued  and  used  in  tlie  workshop." 

—Bngituer, 

Eieetro-MetaUurgy* 

ELECTRO-METALLURGY:  Practically  Treated.  By  Alexander 
Watt,  Author  of  "  Electro-Deposition,**  &c.  Ninth  Edition,  Enlarged  and 
Revised,  with  Additional  Illustrations,  and  including  the  most  recent 
Processes.  z2mo,  45.  cloth  boards. 

"From  this  book  both  amateur  and  artiiMi  nay  hsm  evesytiiing  aacewiy  fa*  tiie  mrr— ftil 
pneecutton  of  •lectsoplating.*'-^r«M. 

Working  in  Gold. 

THE  JEWELLER'S  ASSISTANT  IN  THE  ART  OF  WORK- 
ING IN  GOLD :  A  Practical  Treatise  for  Masters  and  Workmen.  Compiled 
from  the  Experience  of  Thirty  Years*  Workshop  Pr|u:tice.  By  George  B. 
^  Gee,  Goldsmith  and  Silversmith,  Author  of  **The  Goldsn^ith's  Handbook," 
&c.    Crown  8vo,  ys,  6d.  cloth.  [Just  published, 

"  Thb  manual  of  technical  education  b  apparently  destined  to  be  a  yaluable  auxiliary  to  a 

handicraft  which  b  certainly  capable  of  great  improvement."— TAf  Times. 

'*  Thb  volume  will  be  very  useful  in  the  woriohop,  as  the  knowledge  b  practical,  having  bean 

acquired  by  lone  experience,  and  all  the  recipes  and  directions  an  guaranteed  to  be  mcce«Oil  If 

properly  worked  out."— 7<nMtfrr  mt$d  MetaiwerMr, 
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LONDON,  1862. 

Vthe  prize  medal 

,/        Was  awarded  to  the  Publishers  of 


WEALE'S   SERIES 

RUDIMENTARY  SCIENTIFICEDUCATIONAL, 
AND  CLASSICAL. 

Campling  nearly  Three  Hundred  and  Fifty  distinct  works  in  almost  every 
department  of  Science,  Art,  and  Education,  recommended  to  the  notice  of  Engineers, 
Architects,  Builders,  Artisans^  and  Students  generally,  as  well  as  to  those  interested 
TtTWorkmen's  Libraries,  Literary  and  Scientific  Institutions,  Colleges,  Schools, 
Science  Classes,  &»c.,  &^, 

^^  "  WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured." — American  Liternry  Gazette. 

"  Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  Crosby 
LOCKWOOD  &  Son  render  the  series  more  complete,  and  bring  the  informa- 
tion upon  the  several  subjects  down  to  the  present  time." — Mining  Journal, 

•'  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more  popular 
with,  or  more  useful  to,  young  engineers  and  others  than  the  excellent 
treatises  comprised  in  Weale's  SBRms."— Engineer. 

"The  excellence  of  Weale's  Series  is  now  so  well  appreciated,  that  it 
would  be  wasting  our  space  to  enlarge  upon  their  general  usefulness  and 
value." — Builder. 

"  The  volumes  of  Weale's  Series  form  one  of  the  best  collections  of 
elementary  technical  books  in  any  language." — Architect. 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  sind  science." — Public  Opinion, 

PHILADELPHIA,  1876. 
,^THE    PRIZE    MEDAL 

^  n       Was  awarded  to  the  Publishers  for 

'^-'   Books :  Budimentary,  Scientifle, 
•   "WEALE'S  SERIES."  ETC. 

CROSBY    LOCKWOOD    &    SON, 

7,  STATIONERS*    HALL    COURT,    LUDGATE    HILL,    LONDON,    B.C. 
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ADVERTISEMENTS, 


Just  published.    Folio,  £3  Ss.  net,  half-hound. 

THE 

Mechanical  Engineer's  Reference  Book, 

FOR  MACHINE  AND  BOILER  CONSTRUCTION. 
In  Two  Parts. 
Part    I.>-GENEBAL   ENGINEEBING   DATA. 
Part  II.-BOILEB   CONSTBTJCTION. 

if/th  51  plates  and  numerous  illustrations. 

By   NELSON    FOLEY,    M.I.N.A. 

Second  Edition,  Revised  throughout  and  much  Enlarged. 


SUMMARY  OF   CONTENTS, 
PART   I. 

Measures. — Circumferences  and  Areas,  &c^  Squares,  Cubes,  Fourth  Powers. 
—Square  and  Cube  Roots. — Surface  of  Tubes. — Reciprocals. — Logarithms. 
—Mensuration. — Specific  Gravities  and  Weights.— Work  and  Power. — 
Heat.— Combustion.— Expansion  and  Contraction. — Expansion  of  Gases. 
—Steam. — Static  Forces. — Gravitation  and  Attraction. — Motion  and 
Computation  of  Resulting  Forces. — Accumulated  Work. — Centre  and 
Radius  of  GvitATioN. — Moment  of  Inertia.— Centre  of  Oscillation. — 
Electricity.  —  Strength  of  Materials.  —  Elasticity. — Test  Sheets  of 
Metals. — Friction.— Transmission  of  Power. — Flow  of  Liquids. — Flow  op 
Gases,— Air  Pumps,  Surface  Condensers,  &c.— Speed  of  Steamships. — 
Propellers.— Cutting  Tools.— Flanges. — Copper  Sheets  and  Tubes. — 
Screws,  Nuts,  Bolt  Heads,  &c. — Various  Recipes  and  Miscellaneous 
Matter. 

With   DIAGRAMS    for   Valve-Gear,    Belting   and    Ropes,    Discharge   and 
Suction  Pipes,  Screw  Propellers,  and  Copper  Pipes. 

PART   11. 

Treating  of  Power  of  Boilers.— Useful  Ratios. — Notes  on  Construction.— 
Cylindrical  Boiler  Shells.— Circular  Furnaces.— Flat  Plates. — Stays. — 
Girders.— Screws. — Hydraulic  Tests.— Riveting.— Boiler.  Setting,  Chim- 
neys, AND  Mountings. — Fuels,  &c. — Examples  of  Boilers  and  Speeds  of 
Steamships.— Nominal  and  Normal  Horse  Power. 

With  DIAGRAMS  for  all  Boiler  Calculations  and  Drawings  of  many 
Varieties  of  Boilers. 


V  OPINIONS   OF   THE    PRESS. 

"  The  book  is  one  which  every  mechanical  engineer  may,  with  advantage  to  himself, 
add  to  his  library." — Industries, 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  .  .  The  diagrams  are  a  great 
feature  of  the  work. '  .  .  .  Regarding  the  whole  work,  it  may  be  very  fairly  stated 
that  Mr.  Foley  has  produced  a  volume  which  will  undoubtedly  fulfil  the  desire  of  the 
author  and  become  mdispensable  to  all  mechanical  engineers.'*— Jl/lar?«*  Engineer, 

"  We  have  carefully  examined  this  work,  and  pronounce  it  a  most  excellent  reference 
book  for  the  use  of  marine  engineers."— /<7»nMt/  qf  American  Society  of  Naval 
Engituers, 

••  A  veritable  monument  c^  industry  on  the  part  of  Mr.  Foley,  who  has  succeeded  in 
producing  what  is  simply  invaluable  to  the  engineering  ^toUs&vaa^—Steamsttip, 

London :   Crosby  Lockwood  &  SON,  7,  Stationers'  Hall  Court,  E.G. 
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